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I. SUMMARY

In order to acquire directly applicable experimental data on noise
reduction features that might be utilized for low noise engine systems, the
General Electric Company constructed the Quiet Engine "C" demonstrator for the
Experimental Quiet Engine Program, under contract to the National Aeronautics
and Space Administration. This 22,000-pound (97,900 newton) thrust class
turbofan engine was based on a new, supersonic tip speed, single-stage fan.
This fan was designed at the altitude cruise condition for a corrected tip
speed of 1550 ft/sec (472 m/sec), at a bypass pressure ratio of 1.6 and with a
corrected fan flow of 915 lbs/sec (415 kg/sec). '

The design of the new fan was based on low noise criteria to reduce fan
source nolse, Further, the thermodynamic¢ cycle for this engine was selected
to produce ‘low exhaust velocities, thus reducing jet noise. 1In additionm,
sound suppression materials were incorporated in the fan inlet and the exhaust
ducts. :

Thirteen configurations were examined to determine the effect of design/
treatment variations on the engline system's noise characteristies. In parti-
cular the following features were investigated: fan speed, operating lines,
fan duct wall treatment, inlet splitters, a low Mach number exhaust splitter,
core exhaust treatment, and a coplanar nozzle: Farfield acoustic data were
recorded at six speed points, with repeats, for the 13 Engine "C" configura-
tions.

- All of the static engine test data. recorded at General Electric were
extrapolated to the 200-foot (61 m) sideline. The Engine "C" front and aft
quadrant maximum perceived noise levels are summarized in Table I for the
approach and takeoff power settings.

Although Engine "C" was not designed for actual flight application, an
indication of the potential reduction available from the application of
technology evolving from this program to actual flight hardware can be obtained
by projecting ground static results to in-flight conditions. Effective per-
ceived noise levels. (EPNL's) were projected both for level flight and for
landing approach and takeoff flight profiles of a representative four engine
alrcraft of the current civil fleet. The projected EPNL's for three basic
Engine '"C" configurations are compared to current DCB levels and to the FAR-36
limits as shown in Table II.
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Table I. Quiet Engine "C" Configurations, Summary of 200-ft (61 m) Sideline Front and Aft

Maximum PNL,

APPROACH TAKEQOFF

NASA/GE Quiet Engine "C" Front Aft Front Aft

Configurations PNL Angle PNL Angle PNL Angle PNL Angle
Fan Frame Treated 107.5 60° 106.3 120° 121.6 50° 118.8 110°
Totally Suppressed Inlet,
Hard Fan Exhaust 99 .9% 70° 107.3 120° 111.9% 70° 118.8 120°
Contoured Inlet 103.0 50° 102.6 120° 115.5 70° 113.6 110°
Long Inlet 102.9 50° -101.6 120° 115.2 70° 112.8 11ag°
One Splitter Inlet 99.9 50° 102.1 120° 112.3 70° 111.2 110°
Two Splitter Inlet 99.8 50° 102.9 120° 110.6 70° 112.0 110°
Three Splitter Inlet 99.6 70° 102.5 120° 110.3 70° 112.,1 110°
Four Splitter Inlet 97.5 70° 102.0 120° 108.8 70° 110.4 110° & 120°
Long Inlet with
24" MPT Treatment 101.0 50° 101,86 120° 112.5 60° 110.7 12¢°
Long Inlet with
36" MPT Treatment 100.3 50° 102.0 120° 111.1 70° 111.2 110°
Fully Suppressed with
Hard Core Exhaust 99,1 70° 105.7 120° 108.6 70° 113.2 110°
Fully Suppressed 96.4 70° 101.5 120° 106, 5% 70° 110.7 110°
Coplanar Nozzle 97.2 70° 102.5 120° 107.0 70° 111.1 120°

* PNL's steadily decrease from the maximum in the aft quadrant.

the front quadrant noise.

The 70 level is representative of




Table II. Noise Levels at FAR—361 Reference Points

DCB-Type Aircraft Configuration

Four Engines

Landing Approach, Full Power Takeoff, 3.5

1 N. Mile From Runway |N. Mile From Brake Release
JT3D Enginezl . 118 EPNdB 117 EPNdB
FAR-36 Limits 106.3 EPNdB 103.5 EPNdB
Quiet Engine "C" with 104.5 EPNdB 105.9 EPNdB
Fan Framé Treatment (Baseline)*
Quiet Engine "C'" with Extended 97.4 EPNdB 94,6 EPNdB
Fan Duct Treatment and Aft Splitter#
Quiet Engine "C" Fully Suppressed* ' 93.6 EPNdB 87.0 EPNdB

*Based on projected flight profiles.3

1. "Noise Standards: Alrcraft Type Certification," Vol. III, Part 36, Federal
Aviation Regulations, December 1, 1969. ~

2. Bishop, D.E. and Simpson, M.A., 'Noise Exposure Forecast Contours for 1957,
1970 and 1975 Operations at Selected Airports,' FAA Report No. 70-8, 1970.

3. Pendley, R.E., "The Integration of Quiet Engines with Subsonic Tramsport
Aircraft,"” Douglas Aircraft Company Report DAC-68510A (NASA CR-72548)
August 1969,

The projected Engine "C" flight noise levels for this class of aircraft
were considerably below the levels of currently available engines which power
the DCB. The "C" baseline effective perceived noise levels were 13.5 and 11.1
EPNdB less than the JT3D levels for the approach and takeoff power settings,
respectively. .The four-engine DC8 aircraft, FAR-36 requirements were nearly
achieved with the fan frame treatment alone. The approach level was 1.8 EPNdB
less than the FAR-36 limit while the takeoff level exceeded the limit by
2.4 EPNdB.

The prédicted performance presented in Table II indicates that a DC8
aireraft powered by four Engines "GC" with fan duct wall treatment would produce
noise reductions of more than 20 EPNdB relative to current DC8's and 8 EPNdB
relative to FAA nolse regulation. Further, the projected noilse levels of the
DC8 aircraft with four fully suppressed Engines "C" were more than 24 EPNdB
below those of the existing DC8 and more than 12 below FAR-36. (Note that
there is an econcmic penalty assoclated with the maximum feasible noise reduc-

tion which can be significant.)l



II. INTRODUCTION

The Ceneral Electric Company, under contract to the National Aeronautics
and Space Administration, constructed two low noise propulsion technology
demonstrators in the 22,000-pound (97,900 newton) thrust class under the
Experimental Quiet Engine Program. Both demonstrator engines were based on
new, single-stage fans - a subsonic tip speed fan designated as Fan "A" and
a supersonic tip speed fan designated as Fan "C". The Engine "A" demonstrator
was tested at General Electric during the summer and fall of 1971. The
acoustic results of these tests have previocusly been published.2 The Engine
"C" demonstrator underwent an extensive test program at General Eleectric
between April and November 1972. This report describes the acoustic investi-
gation and evaluation of the "C" propulsion demonstrator by the General
Electric Company for the NASA Lewis Research Center.

The major objectives of the Quiet Engine Program were:

1. To determine the noise levels produced by turbofan bypass engines designed
for low nolse output and to confirm that predicted noise reductions can
be achieved;

2. To demonstrate the technology and innovations which will reduce the pro-
duction and radiation of noise in turbofan engines; '

3. To acquire experimental acoustic and aerodynamic data for high bypass
turbofan engines from which acoustic theory and experience can be corre-
lated to provide a better understanding of the noise preoduction mechanjsms.

The engine test program was utilized to provide information pertinent to
achieving those objectives. The goals for the Quiet Engine Program called for
an engine 15-20 PNdB quieter than currently available engines in the same
thrust class. The results of the Quiet Engine '"C" testing provided directly
applicable experimental data on noise reduction features that might be applied
to future engine systems.

In general, there are three approaches to noise reduction applicable to
engine technology. These are: thermodynamic cycle selection, design features
that reduce source noise, and suppression of the generated noise. These three
approaches were taken concurrently in the design of Quiet Engine "o, '

A high bypass ratio thermodynamic cycle was selected to permit thrust
generation by means of a low specific thrust, that is, a high mass flow with
a low fan exhaust velocity. Further, the exhaust velocity of the core was
reduced by a high extraction of turbine energy and by the use of an "open”
core nozzle. In both cases, the lower exhaust velocities resulted in a
reduction of jet noise. Reduction of fan source nolse involved the judicious
selection of design parameters, such as spacing of rotating and stationary
parts, blade/vane ratios, and elimination of inlet guide vanes. Sound suppression
materials were also added in the fan inlet and exhaust ducts.

1=y



ITI. TEST VEHICLE

A. ENGINE DESCRIPTION

Engine "C" was a low noise technology turbofan demonstrator which was
designed, built, and acoustically evaluated under the NASA/GE Experimental
Quiet Engine Program. The 22,000-pound (97,900 newton) thrust class turbofan
consisted of a newly developed, high tip speed, single-stage fan coupled with
the basic TF39/CF6 core.

The QEP Fan "C", which represented an all new design, was a supersonic
tip speed, single-stage fan. It was designed, at the altitude crulse condition,
for a corrected tip speed of 1550 ft/sec (472 m/sec), at a bypass pressure
ratio of 1.6, and with a corrected fan flow of 915 lbs/sec (415 kg/sec)
(see Table TIT)., The fan had 26 unshrouded rotor blades (Figure 1) and 60
outlet guide vanes.

- With the exception of the low pressure turbine, the core components in
Engine "C" were adapted with little modification from the CF6-6 engine.
The number of low pressure turbine stages required for the design thrust was
reduced by the high tip speed fan. A two-stage low pressure turbine was
developed to replace the five-stage CF6-6 turbipe, thus decreasing engine
weight, cost, and complexity. In that the basic core consisted of proven
components, extensive engine development testing was not required.

The quiet engine cutaway, Figure 2, indicates the low noise design
features that were incorporated in Engine "C”. Since a thermodynamic cycle
with a high bypass ratio was selected for the engine, the core and fan exhaust
jet velocities (see Table IV) were relatively low, reducing jet noise substan-
tially, 1In addition, an "open" core nozzle [850 sq in, (0.54 m) instead of
678 sq in, (0.42 mi] was also utilized to further reduce the velocity of the
core jet to ensure that core jet noise would be lower than fan noise. Design
features also were selected to reduce fan source noise. The fan inlet guide
vanes were eliminated to reduce wake Interaction noise. The axfal spacing
between the fan rotor blades and the downstream outlet guide vanes was selected
as two aerodynamic chord lengthis to minimize rotor wake interaction noise,

The ratio of the number of vanes to the number of Bblades, which was 60 to 26
or 2.3, was chosen to reduce the noise radiated from the fan, A careful
design balance was made hGetween fan rotational speed and blade aerodynamic
leoading to reduce fan nofse. Further, an acoustic absorptive treatment was
placed on the inside and outside walls of the airflow passage tRrough the fan
to reduce noise propagation. Additiomal acoustic treatment was also used to
line the core inlet and turBine exFaust ducts to reduce compressor and turbine
noise,



Table III. Quiet Engine 'C" Demonstrator Characteristics, NASA/GE
Experimental Quiet Engine Program,

Turbofan Enginé in 22,000-Pound (97,900 Newton) Thrust Class
Single-Stage Fan

Supersonic Fan Tip Speed

High Bypass Ratio

Two-Stage Low Pressure Turbine

Designed at the altitude cruise condition for:

Corrected Fan Tip Speed 1550 ft/sec (472 m/sec)
Bypass Pressure Ratio 1.6

Corrected Fan Flow 915 lbs/sec (415 Kg/sec)

Bypass Flow Ratio 5.0



B. ENGINE PERFORMANCE

Engine "C" performance characteristics were determined by aerodvnamic
testing at the General Electric cutdoor test facility located in Peebles,
Ohic. (The aero-mechanical performance capabilities as well as distortion
tolerances of Fan "C" had been demonstrated previously during the fan evalu-
ation at General Electric's Full Scale Fan Test Facility located in Lynn,
Massachusetts.)3 The engine was fully instrumented during the outdoor testing
to measure thrust, fuel consumption, airflow, and other performance character-
istics. Fan performance was determined from the measurement of total tempera-
tures and total pressures at the fan inlet and fan discharge. (Four radial
rakes were used in the inlet while seven circumferential rakes were used in
the fan discharge bypass duct.) These parameters were measured for a full
range of power settings to determine the engine performance for the different
operating conditions.

Three fan nozzles were investigated during the performance testing. These
were designated as "small", 1385 square inches (0.89 m2); "nominal"™, 1539
square inches (0.99 m2); and "large', 1695 square inches (1.09 m2) .

The fan map presented in Figure 3 shows the three operating lines and
the six constant speed lines along which acoustic data were recorded. The
corrected fan weight flow 1is shown in Figure 4 as a function of percent
correctéd fan speed for the three nozzles. The corrected total engine
thrust for the three nozzles is shown in Figure 5 agaln as a function of
percent corrected fan speed. Pertinent engine characteristics are presented
in tabular form for the appreoach and takeoff power settings in Table IV.

C. TEST CONFIGURATIONS

Thirteen configurations of Engine "C" were investigated during the test
program. The effects of fan duct treatmeént were examined as were the effects
of inlet splitters, a low Mach number exhaust splitter, core exhaust treatment,
a coplanar nozzle, and different operating lines (controlled by the fan nczzle
area).

The basic engine configuration incorporated a bellmouth inlet, fan frame
treatment, compressor inlet treatment, and core exhaust treatment. A sketch
of the "frame~treated" engine configuration which indicates the location and
the length of acoustic wall treatment is presented in Figure 6. The treat-~
ment in the fan frame was a multiple~degree-of-freedom (MDOF) resonator design
while the treatment in the core exhaust consisted of single-degree-of-freedom
(SDOF) panels. This configuration is shown mounted on the engine test stand
in Figure 7.

In order to suppress fan noise, substantial inlet and fan duct treatment
was added to the basic engine configuration. The length and location of
acoustic treatment for this "fully suppressed" configuration is indicated by
the sketch, Figure 8. A contoured inlet with a four-ring splitter system
was installed in place of the standard bellmouth inlet. This contoured inlet
incorporated 37.3 inches (94.7 cm) of wall treatment. A mixture of 1.0 inch



Table IV,

Physical Characteristics

100% Corrected Fan Speed

Fan Diameter

Hub/Tip Ratio at Rotor LE
Number of Rotor Blades
Number of Outlet Guide Vanes
Core Nozzle Area

Nominal Fan Nozzle Area

Performance Characteristics

Takeoff (Sea Level Statice)

% Corrected Fan Speed
Gross Engine Thrust

Fan Tip Speed

Fan Bypass Pressure Ratio
Fan Jet Velocity

Core Jet Velocity

Bypass Ratio

Bypass Flow

Approach (Sea Level Static)

% Corrected Fan Speed
Gross Engine Thrust

Fan Tip Speed

Fan Bypass Pressure Ratio
Fan Jet Velocity

Core Jet Velocity

Bypass Ratio

Bypass Flow

5200 rpm
68.3 dnches
.36 :
26
60 .
850 =q. inches
1539 sq. inches

90.5%

22,000 1bs

1403 ft/sec
1.502

876 ft/sec
864 ft/sec
4.99

674.3 lbs/sec

607%
7997 1bs
930 ft/sec

1.174

535 ft/sec
445 ft/sec
5.16

414.7 1bs/sec

Quiet Engine "'C", Performance and Physical Characterisitics.

174.4 em

.54 m
.99 m

97,900 Newtons
427 m/sec

" 267 m/sec

263 m/sec

306.2 kg/sec

35,587 Newtons
283 m/sec

163 m/sec
136 m/sec

188.3 kg/sec



(2.5 em) and 0.3 inch (0.75 em) thick SDOF resonator material was used for both
wall and splitter treatment. Two casings with 2.8 inch (7.1 cm) deep SDOF
treatment for multiple pure tone (MPT) suppression, totaling 36 inches (91.4 cm),
were also added forward of the fan frame., Further, the fan duct was replaced
with a long duct which incorporated a low Mach number exhaust splitter and
89.4 inches (227.1 cm) of extended wall treatment. The treatment for both
the splitter and the wall consisted of one inch (2.5 cm) thick "Scottfelt".
In addition, to prevent casing radiation the engine was wrapped with
polyurethane foam ("Scottfoam") and lead vinyl from the forward edge of the
MPT casing to aft outer cowl (approximately the leading edge of the exhaust

" splitter). Photographs of this fully suppressed configuration are presented
in Figure 9.

In order to determine the effectiveness of each additional portion of this
acoustic treatment, a number of configurations were tested which differed from
a preceding configuration by only one piece of treatment. A summary of the
engine configurations 1s presented in Table V. The table lists the type of
inlet, the number of inlet splitters, the inlet wall treatment includlng
length the fan exhaust treatment, and the core exhaust treatment.

The contribution of the fan exhaust duct treatment was investigated by
testing the engine with the inlet totally suppressed and the fan exhaust
untreated. Aft views of the two fan exhaust configurations are presented in
Figure 10. Note the difference in length of the two ducts. The effects of
further extending the duct to the plane of the core exhaust were also examined.
The "coplanar nozzle" configuration is shown in Figure 11.

Similarly, the amount of core noilse suppression achieved with the core

. exhaust wall treatment was investigated. The core treatment panels were
replaced with hardwall pieces, The test was run while the fan was fully sup-
pressed so that the differences in core noise would be readily observable.

Further, the effect of the inlet splitter system on front quadrant noise
propagation was examined. The four-ring inlet splitter system was designed
so that the individual splitters could be removed, stdrting with the inner-
most splitter. Figure 12 is a photograph of the four splitter inlet. WNoise
levels were meaSured with cone, two, three, and four splitters as well as with
no splitters. These configurations differed from fully suppressed by the
number of splitters and by the replacement of the 36 inches (91.4 cm) of MPT
treatment with a 24-inch (61.0 cm) hardwall spool.

Variations of inlet wall treatment. were also investigated. The configura-
tions examined had, in addition to the baseline frame and core treatment, the
contoured inlet and the fan exhaust duct treatment. Four configurations were
tested: (1) with 36 inches (91.4 cm) of MPT treatment, (2) with 24 inches
(61.0 cm) of MPT treatment, (3) with the 24-inch (61.0 cm) hardwall spool in
place of the MPT treatment, and (4) without any MPT section.
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Table V. Quiet Engine "C", Acoustic Treatment for Fnesine Configurations,
Total
Inlet SDOF Inlet Core
Inlet Inlet Wall Treatment Frame Fan Exhaust Exhaust
Configuration Type Splitters Treatment in. ] cm Treatment Treatment Treatment

Fan Frame Treated Standard None None None X None X
Fully Suppressed Contour Four A, B, &C 73.3 186.2 X E. X
Totally Suppressed Inlet, Contour Four A, B, &cC 73.3 186,2 X None X
Hard Fan Exhaust
Coplanar Nozzle Contour Four ‘A, B, & C 73.3 186.2 X E&F X
Fully Suppressed Fan with Contour Four A, B, &C 73.3 186,2 X E None
Hard Core Exhaust
Four Splitter Inlet Contour Four A&D 37.3 94,7 X E X
Three Splitter Inlet Contour Three A&D 37.3 94.7 X E X
Two Splitter Inlet Contour Two A&D 37.3 94,7 X E X
One Splitter Inlet Contour One A&D 37.3. 94,7 X E X
Long Inlet Contour None A&D 37.3 94,7 X E X
Contoured Inlet Contour None A 37.3 94,7 X E X
Long Inlet with 24" MPT Treatment | Contour None A&kB 61.3 { 155,7 X E X
Long Inlet with 36" MPT Treatment | Contour None A, B, &C | 73.3 | 186.2 X E X

1 1

L T = I = R o B -~ -
|

= Coplanar nozzle

24" (61,0 cm) hardwall spool
~ Long duct incorporating a low Mach number exhaust splitter and 88.,4" (227.1 cm) of Scottfelt wall treatment

37.37 (94.7 cm) of mixed SDOF wall treatment, incorporated in

the contoured inlet

24" (61,0 cm) casing with thick SDOF treatment for MPT suppression
12" (30.5 cm) casing with thick SDOF treatment for MPT suppression




IV. TEST PROGRAM

A. SOUND FIELD DESCRIPTION

Engine "C" testing was performed at the Peebles Test Operation, General
Electric's ocutdoor test site shown in Figure 13. This test facility permits
full-scale engine measurements of acoustic and aerodynamic performance charac-
tersitics. Two views of Engine "C" mounted on the full-scale engine test stand
are presented in Figure 14.

Acoustic diata were recorded using 16 calibrated microphones located on a-
150-foot (45.7 m) arc. The microphones were positioned at 10 degree intervals
from 10° to 160° as measured from the engine centerline at the axial position
of the rotor leading edge. These microphones were attached to rowers at a
height of 40 feet (12.2 m) above the level sound field surface of gravel, in
order to simulate ground reflections typical of flyover conditions. In that
the engine centerline height was 13 feet (4.0 m), the actual distance from the
center of the sound field at the fan rotor teo each individual microphone was
about 152-1/2 feet (46.5 m). The microphones used were B&K 4133 1/2-inch
{1.3 cm) diameter microphones, each of which was pointed at the engine.

B. FARFIELD DATA ACQUISTTION

- At least two sets of farfield acoustic data were recorded at six engine
power settings for each configuration. The data were recorded on FM with a
Sangamo 28-channel recorder, Model 4700. A tape speed of 30 ipsz (0.75 m/sec)
was used to provide a flat frequency response through the 10 KHz 1/3-octave
band. Data were recorded for a minimum of 60 seconds, with all angles being
recorded simultaneously. '

Each microphone system consisted of the following equipment:

Component Manufacturer : Model

Microphone BaK _ 4133 1/2 inch (1.3 cm)
Cathode Follower B&K 2615

Power supply B&K 2801

Prior to testing, the frequency response of the system was determined by
removing the microphone head and inputting a constant voltage at various fre-
quencies throughout the range of interest. For a range of 50 Hz to 25 KHz,
this was performed at frequencies of 50, 250, 1000, 5K, 8K, 10K, 12.5K, 16K,
20K, and 25 KHz. The voltage input was chosen at 10 millivolts, approximately
the equivalent to 94 dB for a 1/2-inch (1.3 cm) microphone and an approximation
of the levels encountered during an actual test. ‘
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The loss through each system was measured by removing the microphene head
and inputting one volt RMS at the microphone preamplifier at a frequency of
250 Hz, which corresponds to the pistonphone frequency. If the system loss was
not within a specified limit, based on the specifications of the components,
then the system was checked and/or changed before continuing.

With the 124 dB pistonphone on the microphone, the voltage output was
compared with the calculated output based on the system losses and the micro-
phone sensitivity. If the actual voltage output agreed within 1/2 dB (approx-
imately 5%) of the calculated output, the microphone was functioning properly.
Microphone cartridges falling outside this limit were set aside for repair
and/or recalibration prior to reuse.

The amplifiers, tape recorder, and data reduction facilities were checked
by recording a pink noise electrical signal of known amplitude. Reduction of

this signal provided a measure of the frequency response of these components.

In addition to these system checks, a pre- and posttest calibration was
recorded on each channel using the 124-dB pistonphone (B&K model 4220).

C. ACOUSTIC DATA REDUCTION

The acoustic data reduction system, schematically illustrated in Figure 15,
was designed specifically to perform time-averaged spectral anmalysis with a
Gemeral Radio 1/3-octave bandwidth parallel filter system using a 30 second
averaging time. Data were recorded on FM analog magnetic tape and was played
back through an amplifier/attenuator to provide the optimum signal input
level to utilize the 50 dB dymamic range of the 1/3-octave filter system. The
output of each filter was directly connected to a detector/integrator circuit
which had built-in '"hold" capabilities. The hold capability enabled the
system to accumulate average signal amplitudes for each of the 1/3-octave
bands and to hold them until they were processed through the analog-to-digital
converter. The digital signal was then input to the DDP-116 Computer which
provided a digital magnetic tape used for further computations and an on-line
"quick-look" printout of sound pressure level spectra (temperature and humidity
corrected to Standard Day). The "quick-look" information was used as a quality
check prior to additional data reductiomn.

"Standard data reduction" of these 1/3-octave results provided in addition:
perceived noise levels, overall sound pressure levels, sound power levels,
overall sound power levels, and directivity indices, as well as extrapolations
to various sideline distances. These 1/3-octave engine test results for the
150-foot (45.7 m) arc are presented in the Appendix,

Noise differences among configurations are shown in this report by compari-
sons of PNL directivities and SPL spectra. Since the test results generally
demonstrated very good repeatability, the 1/3-octave arc data for each power

.msettlng of each configuration were arithmetically averaged. These 150-foot
(45.7 m) arc sound pressure levels had been corrected to standard day
conditions of 59° F (15° C) temperature and 70% relative humidity according

'.-l
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to the SAE method described in ARP 866.% These corrected spectral results

were extrapolated to the 200-foot (61 m) sideline, with extra ground attenuation
(EGA) effects applied from the 150-foot (45.7 m) measuring arc to the sideline.
EThese‘EGA effects were calculated according to the SAE report AIR 923 5 using

a downwind velocity of 10 mph (16.1 k/hr) and an elevation angle of 0°]. Perceived
noise levels for a single engine were calculated from these extrapolated spectra
according to SAE procedures in ARP 865A. These extrapolated, average results

are presented in this report.

D. TESTING SCHEDULE

Farfield acoustic data were recorded at six speed points, with repeats,
for the Engine "C" configurations. Physical speeds were set to correspond to
the following corrected speeds based on ambient temperature: 2600 rpm, 3120
rpm, 3640 rpm, 4160 rpm, 4680 rpm, and 4940 rpm. These speeds correspond to
10% increments of corrected fan speed from 50% to 90%, plus 95% corrected fan
speed.

‘ Acoustic noise levels were measured for 13 engine configurations between
April and November 1972 (there was a planned break in testing between

late May and mid August while additional hardware was built). In all, 144

hours of acoustic and aerodynamic testing were completed at the Peebles site

with Engine''C". :

All noise measurements were obtained while complying with the following
restrictions which were imposed on acoustic testing:

1. Acoustic data were not taken with steady winds greater than 7 mph.
(11.27 km/hr) or gusts greater than 3 mph (4.83 km/hr);

2. Water or snow accumulation on the sound field prohibited testing;
3. Rain, snow, or fog at the test site prohibited testing;

4, Testing was restricted to conditions where the relative humidity was
greater than 30% and lower than 90%;

- 5. No acoustic data were taken while aerodynamic instrumentation was
installed.
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V. DATA ANALYSIS

A. FAN FRAME ACOUSTIC TREATMENT

The -basic Engine '"C" configuration investigated during the Peebles test
program contained acoustic treatment in the fan frame, in the compressor inlet,
and in the core exhaust. Details of the acoustic wall treatment for this '"frame-
treated configuration are shown in Figure 6. The other Engine "C" configurations
which were tested during the program each contain additional acoustic treatment.

The noise characteristics of the frame-treated configuration are examined
in this section. These baseline noise measurements have been averaged for
each speed point and then extrapolated to the 200-foot (61 m) sideline for
presentation. These results have been corrected to standard day conditions
of 59° F (15° C) temperature and 70% relative humidity.

1. Variation With Fan Speed

The baseline perceived noise directivities were examined at four speed
settings in order to determine the effect of fan speed on the engine's noise
characteristics. Results for the 60%, 70%, 80%, and 90% corrected fan speeds
are shown for the nominal operating line in Figure 16. The perceived noise
at each angle generally increased with successively higher fan speeds, although
the front quadrant noise levels at 80% were very similar to those at 90% fan speed.
Further, the directivity patterns for the 60%, 70%, and 90% fan speed were
similar. At each speed the maximum perceived noise occurred in the front quadrant
at either 507 or 60°.

The comparigon of maximum perceived noise in the front quadrant and in the
aft quadrant, Figure 17, likewise indicated that the noise levels were
higher in the front quadrant. These sideline perceived noise levels are shown
as a function of corrected engine thrust, with the approach and takeoff power
settings designated. While the aft maximum levels increased smoothly between
the approach and takeoff power settings, the wmaximum levels in the front increased
sharply between 12,500-pounds (55,656 newtons) thrust and 16, 300-pounds (72,535
newtons) thrust. At these data points the engine thrust levels correspond to
70% and 807 fan speeds, respectively. Onset of the supersonic phenomenon of
multiple pure tones (MPT's) or buzz-saw noise occurred between these points.
These MPT's characteristically make a major contribution at frequencies below
the blade passing frequency (at multiples of the fan rotor shaft revolutions)
when the fan rotor tip relative Mach number exceeds unity. As observed in the
previous figure, the front quadrant noise levels for 80% and 90% fan speeds
(power settings at which MPT activity existed) were very similar.

The sound pressure level spectra for the approach (60% speed) and takeoff
(90% speed) power settings are presented for angles 60°, 90°, and 120° in
Figures 18 through 20. At the higher tip speed, multiple pure tones were
produced, and in addition, the broadband and BPF related noise increased.
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The differences in terms of perceived noise were larger in the front quadrant
due to multiple pure tones occurring at the takeoff speed. These MPT's were
mest prominent within the 400-Hz and 500-Hz 1/3 octave bands.

At 60°, MPT's largely controlled the takeoff spectrum. The levels of the
400-Hz and 500-Hz bands were 6 dB and 3 dB higher, respectively, than the level
of the takeoff fundamental. Further, the 400-Hz and 500-Hz bands at takeoff
which contained MPT's, were 33 dB and 30 dB higher than the corresponding bands
at approach. While the fundamental and second harmonic were very prominent in
the approach spectrum at this angle, the takeoff fundamental was, nevertheless,
12 dB higher. (Note that the BPF occurred within different bands - 1250 Hz
for approach and 2000 Hz for takeoff.)

At 90°, the most prominent spectral characteristics were likewise the MPT's
at takeoff and the BPF at approach. The sound pressure levels at this angle -
were lower, however, than those levels at 60° from 400 Hz to 10 KHz at the take-
off power setting and from the BPF to 10 KHz at the approach power setting.

The SPL deltas between the approach and takeoff spectra were approximately the
same for 1/3-octave bands of 2000 Hz and above. Similarly the difference between
the BPF levels was about 12 dB at this angle, as it was at 60°.

At 120°, the spectrum characteristics changed relative to the spectra
examined at the other two angles. Although some MPT content was cobserved in the
aft takeoff spectrum, it was substantially less than in the front quadrant
spectra. At this aft angle, the BPF was the most prominent takeoff character-
istic. On the other hand, while the fundamental and second harmonic can be
observed in the approach spectrum, the perceived noise for this power setting
was largely controlled by broadband noise. The level of the takeoff RPF was
again 12 dB higher than the approach fundamental. The tone level measured at
both of these fan speeds falls between the corresponding fundamental levels
measured at 60° and 90°.

Test results also indicated the presence of an unexplained, low frequency
tone which occurred within the 125-Hz band at the approach power setting and
within the 160-Hz band at the takeoff power setting. This tone is particularly
evident in the 60° results, Figure 18. An investigation into the origin of
this sharp tone seemed to rule out facility noise as well as the data acquisi-
tion and reduction system. The tone was apparently related to the core shaft
speed. However, the source of this core related, 1l/rev tone has not been
determined. This tone was evident throughout the Engine "C" test results,
particularly in results of the suppressed configurations.

2. Variation With Fan Exhaust Nozzle

Engine "C" was tested with two additional fan exhaust nozzles to investigate
the effect of the variation of the engine operating line on the engine's per-
formance and acoustic characteristics (see Section III-B for performance
details). The design area of the fan exhaust nozzle was 1539 square inches
(0.99 m?). The other nozzles were 10% smaller and 10% larger in area. Thus
the "small" nozzle was 1385 square inches (0.89 mz) while the "large" nozzle
was 1695 square inches (1.09 m )
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The frame-treated configuration was tested with each of the rhree nozzles.
Variation of noise characteristics are shown relative to the nominal nozzle
results which were presented in the previcus section.

Changes in noise directivities with the two nozzles are shown in Figure 21 -
for the 60%, 70%, 80%, and 90% corrected fan speeds. Only small changes
in the engine's acoustic characteristics due to the exhaust nozzle changes are
indicated by these four curves. Generally, the delta noise reduction was less
than zerc, indicating that the perceived noise increased slightly relative to.
the baseline results when the small and large nozzles were installed.

The delta spectral reductions for a forward and an aft angle are shown in
Figure 22 for 60% speed and in Figure 23 for 90% speed. The spectral devia-
tions were generally less than 3 dB different from the baseline spectra. The
results for the large nozzle indicate decreases of noise within some 1/3-octave
bands below the BPF. However, at frequencies above the BPF, the noise levels
for both the small and large nozzles were slightly higher than with the
nominal nozzle, baseline results.

3. Comparison of Engines "A" and "C" Frame-Treated Configurations

The acoustic characteristics of Engine "C" with the basic fan treatment were
compared to the corresponding acoustic results measured for Engine "A". Both of
these low noise technology demonstrators were 22,000-pound (97,900 Newton) thrust
class turbofan engines. Both were based on new, single-stage fans. Fan 'C"
was designed for a supersonic tip speed of 1550 ft/sec (472 m/sec) and a pres-
sure ratio of 1.6 while Fan "A" was designed for a subsonic tip speed of 1160
ft/sec (354 m/sec) and a 1.5 pressure ratio. Further, "C" had 26 unshrouded
rotor blades compared to "A" which had 40 tip shrouded rotor blades.

The noise comparisons of the two engines are presented in Figures 24
through 30 for the frame-treated configurations. The acoustic treatment
for "A" closely corresponded to "C" in terms of treatment lengths, placement,
and suppression material. For additional details of the QEP Engine "A',
refer to the report, "NASA/GE Engine 'A' Acoustic Test Results."2

The perceived noise directivities for the approach power setting are pre-
sented in Figure 24. The noise characteristics at this power setting were
very similar for the two engines especially im the aft quadrant. It can be
observed that the maximum perceived noise for "C" occured at 60° while the
noise level for "A" was slightly higher at 120° than at 50°. A 2 PNdB differ-
ence occurred at 60° and 70°.

Spectral comparisons for this power setting are presented for the front
and aft maximum angles (60° and 120°) in Figures 25 and 26, respectively.
The fundamental and the second harmonic tones for Engine 'C" were very prominent
in the front quadrant, especially compared to Engine "A". (Note that while
the Engine "C'" BPF fell within the 1250 Hz band, the "A" fundamental fell
within the 1600 Hz band.) Although the levels of these tones differed by 6 dB

-
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to 7 dB at 60°, the difference in perceived noise between the two engines at
this angle was 2 PNdB. At 120°, the fundamentals for Engines "A" and "C" again
differed by 6 dB, however, the second harmonics for both were the same level.
At this aft angle the perceived noise levels were the same for the two engines.

Comparisons of the 60° and 120° spectra for the two engines are also
presented in the form of 20-Hz bandwidth filter, narrowband overlays (see
Figures 27 and 28). These data, measured on the 150-foot (46 m) arc, clearly
show the predominance of the Engine 'C'" BPF and harmonics.

_ At the takeoff power setting, the noise characteristics of the subsonic
and supersonic tip speed vehicle diverged substantially. The perceived noise
directivities for "A"™ and "C", which are compared in Figure 29, indicated that
the "C" levels were more that 5 PNdB higher than the "A" levels throughout the
front quadrant. This difference was due to multiple pure tones associated with
the supersonic tip speed fan. At the forward angle of maximum perceived noise,
60°, the noise levels differed by 7.5 PNdB, while at 120° they were within one
PNdB,

The takeoff spectral comparison for 60° clearly differentiates the subsonic
and supersonic fans. This comparison, shown in Figure 30, indicates that there
was a difference of more than 10 dB between the two engine spectra from the 315-
Hz bands to the 1600-Hz bands due to MPT's. The largest spectral difference
occurred at 400 Hz, the band containing the strongest multiple pure tone. Within
this band the "C" SPL was 23-1/2 dB higher than the "A" level. Multiple pure
tones were also evident within the "C" spectrum at frequencies above 1600 Hz.
Thus the 7 dB difference observed within the 2000-Hz band was not only the
difference between the two engine fundamentals occurring within this band but
also reflected "C" multiple pure tones as well. The differences at higher
frequencies were also due in part to these MPT contributions. The 60° spectral
differences between the two engines at the takeoff power settings are clearly
shown in the narrowband overlay, Figure 31. These 150-foot (46 m) arc spectra
indicate that the most prominent characteristics of "A" were the BPF and harmonics
of the fan while the "C" spectrum was controlled by multiple pure tones extending
in frequency well past the RPF.

Differences between the engine spectra at 120° further reflect the Engine ''C"
MPT's. At this aft angle (see Figure 32), the "C" spectrum was 5 to 7 dB
higher than the "A" levels from 400 Hz to 1600 Hz due to multiple pure tomes.
In addition, the results for the 2000-Hz band indicated that the "C" BEF was
6-1/2 dB higher than the "A" fundamental. This "A" spectrum was dominated by
the second harmonic in the aft quadrant. From the 4000-Hz band through 10 Kiz,
the "A" levels were higher than "C". The spectral comparison at this aft
angle is also presented in the narrowband overlay, Figure 33, of the 150-foot
(46 m) arc results of the two engines.

The comparison of maximum perceived noise as a function of corrected engine
thrust, presented in Figure 34, showed that the "C" levels were higher than
those for "A" throughout the thrust range. These maximum levels occured in
the front quadrant for Engine "C" and in the aft quadrant for Engine "A".

While the "A" levels increased smoothly between the approach and takeoff power
settings, the forward maximum levels for "C" increased sharply upon the onset
of MPT's. The largest difference between the engine maximum levels, which was
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9 dB, occurred at 80% speed. The variations of aft maximum perceived noise with
thrust were similar for the two engines although the Engine "C" aft levels, which
are presented in Figure 17, were higher than the corresponding "A" levels.

B. FULL ACOUSTIC ENGINE TREATMENT

Substantial acoustic treatment was added to the basic engine configuration
in order to suppress fan noise. The goal of the acoustic treatment design was
to achieve noise levels which were similar in magnitude to those recorded for
the fully suppressed Engine "A". A contoured inlet which incorporated SDOF
wall treatment replaced the basic fan inlet. This contoured inlet included
a four-ring splitter system. Two casings with thick treatment for MPT suppres-
sion were also added forward of the fan frame. In addition the fan duct was
replaced with a long exhaust duct which incorporated an exhaust splitter and
extended S5DOF acoustic wall treatment. This exhaust duct was designed for low
Mach number flow in order to increase the effectiveness of the acoustie treat-
ment. The engine was also wrapped with lead vinyl and polyuretrhane foam to
prevent casing radiation. Further details of the acoustic treatment of this
fully suppressed configuration are presented in Figure 8.

Aerodynamic performance of the fully suppressed configuration was much
as predicted. At takeoff, the measured total pressure recovery at the fan face
was 0.983 as compared to a design value of 0.985. Operation with the four-ring
inlet splitter system and fan bypass duct splitter resulted in a 4% reduction
in engine thrust relative to the baseline configuration. However, wall Mach
number calculations for this speed indicated an inlet flow redistribution
resulting in higher airflow levels in the outer section of the inlet.

The 200~foot (61 m) sideline noise characteristics of the fully suppressed
configuration are compared to the "C" baseline results and to the Engine "A"
fully suppressed characteristics in this section.

1. Comparison of the Fully Suppressed and Frame-Treated Configurations

The perceived noise directivities of the fully suppressed configuration
were examined at four speed settings in order to determine the effectiveness of
the total engine suppression relative to the baseline noise levels. Comparisons
were made for the 60%, 70%, 80%, and 90% corrected fan speeds and are presented
in Figures 35 through 38. Large reductions of perceived noise were achieved
at each speed. 1In particular, the greatest reductions of frame-treated
noise levels were attained in the front quadrant. The angles of maximum
perceived noise shifted from 50° to 60° for the baseline to 110° to 120°
for the fully treated configuration.

At the approach power setting (60% fan speed), significant reductions of
the baseline noise levels were achieved in both the fromt quadrant, from 7.5 to
12.6 PNdB, and in the rear quadrant, from 4.5 to 7.3 PNdB. As shown in Figure 35,
the maximum perceived noise, which cccurred at 60°, was suppressed 12,1 PNdB
by the addition of the full accustic treatment. In that less reduction



was attained at the adjacent angles, the forward "maximum" angle for the
fully suppressed configuration shifted to 70°. At the angle of aft
maximum PNL, the frame-treated level was reduced 4.8 PNdB.

The spectral comparison at 60°, presented in Figure 39, indicates that
the baseline levels for the fan fundamental and harmonics decreased with the
fully suppressed configuration. The bands containing the BPF and the second
harmonic were reduced 19.7 and 19.0 dB, respectively, relative to the frame~
treated levels. The other 1/3-octave bands from 500 Hz to 8 KHz were reduced
from 5.3 to 14.8 dB, Examination of the 60° narrowband overlay, Figure 40,
shows that the only tones evident for the fully suppressed configuration were
beyond the second fan harmonic. ' '

In the aft quadrant at 120°, the fan BPF and harmonics were eliminated
from the fully suppressed spectrum. Figure 41 shows that the 1250-Hz band
with the BPF was reduced 8.2 dB, and the band containing the second harmonic
was decreased 5.6 dB. The 1/3-octave baunds between the BPF and 5000 Hz were
all reduced from 4.5 to 9.2 dB. Nevertheless, little SPL reduction was attained
in-the 6.3, 8, and 10 KHz bands.

At this 120° angle, the approach perceived noise for the fully suppressed
configuration was controlled by the 2.5, 3.15 KHz, 6.3 KHz, and 8.0 KHz 1/3~
octave bands. EFigure 42 is a narrowband (20 Hz filter bandwidth) overlay of
the two configurations which shows this 120° spectrumJ Acoustic traversing
probe and Kulite wall-mounted transducer measurements indicated that both fan
tones and broadband noise within these bands were suppressed by the acoustic
treatment in the bypass exhaust duct. These controlling farfield noise
characteristics were apparently core related, although the core exhaust duct
was also treated in these configurations. The turbine first- and second-stage
BPF's were observed within the 6.3 KHz 1/3-octave band farfield results (also
see Figure 42). The 2.5 - 3.15 KHz 1/3-octave levels were held up by a rolling
characteristic or hump, which according to the narrowhand overlay occurred between
2 and 4 KHz. As can be observed in both Figure 41 and 42, the broadband levels
within the 8 KHz band did not drop off, and in addition, an as yet unexplained,
sharp tone occurred at approximately 8000 Hz.

These apparent core levels produced a noise floor which limited the
perceived noise reduction that might have been attained with fan acoustic
treatment. If either the 2.5 - 3.15 KHz bands or the 6.3 - 8.0 KHz bands were
reduced to levels similar to adjacent 1/3-octave bands, the perceived noise
would be reduced 1/2 PNdB. If, however, both of these pairs were reduced, the
noise level would decrease 2 PNdB.

The takeoff perceived noise results are presented in Figure 38 for the
two "C" configurations. Large noise reductions were achieved at all angles
with the fully suppressed configuration. The greatest reductions were
attained in the front quadrant; 14 PNdB suppression or more is shown for each
angle from 10° to 70°. The maximum suppression, 17.2 PNdB, occurred at 50°.
The amount of reduction demonstrated for each angle decreased from this 50°
angle to 150° where the frame-treated level was suppressed by 4.6 PNdB. At
110°, the baseline aft maximum PNL was reduced 8.1 PNdB to 110.7 PNdB, the
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maximum takeoff PNL for the fully suppressed configuration. The perceived
noise levels decreased at each succeeding angle on either side of 110°. As
such, there was no "maximum' PNL in the front quadrant. The perceived noise
levels in the front quadrant were controlled by noise radiated from the aft
quadrant. (Data measured with a directional broadside microphone array
support this conclusion.)

The takecff spectral comparisons of the two configurations are presented
in Figures 43 and 44 for the 60° and 110° angles, respectively. At the front
angle, the baseline noise levels were suppressed from 250 Hz to 10 KHz by the
full engine acoustic treatment. The MPT content as well as cthe BPF and
harmonic tones were virtually eliminated from the fully suppressed spectrum.
The sound pressure levels of the 1/3-octave bands from 400 Hz to 2000 Hz
{excepting the 800 Hz and 1600 Hz bands) were reduced by 21 to 22-1/2 4B
relative to the baseline. Less suppression was achieved at the aft angle than
in the front, although the full accustic treatment reduced the baseline levels
throughout the spectrum at 110°. The MPT, BPF, and harmonic tones were
eliminated from the aft spectrum by the additional treatment. The 2000-Hz
band which contained the BPF and the 4000 Hz band with the second harmonic
were reduced 13.4 and 9.4 dB, respectively. At this angle as well as in the
front, broadband noise controlled the fully suppressed 1/3-octave spectra.
Narrowbands of the spectra for the 60° and 110° angles are presented in Figures
45 and 46, respectively. (An unexplained tone at 5800 Hz was very prominent in
the fully suppressed takeoff spectra, expecially at 60°. This tone apparently
occurred whenever the low Mach number exhaust duct was installed.)

A comparison of the maximum sideline PNL's versus engine thrust is
presented in Figure 47. The frame-treated levels which are from the front
quadrant clearly show the onset of multiple pure tones. The fully suppressed
levels which are from the aft quadrant increased steadily with increasing
thrust. Both the approach and takeoff power settings, which have been
discussed in detail, are indicated for this comparison.

In summary, large reductions of the baseline noise levels were achieved
with the full acoustic treatment for Engine "C". The greatest amcunts of
suppression were achieved in the front quadrant. The MPT's, fundamentals,
and fan harmonics characteristic of the frame-treated configuration were
virtually eliminated from the fully suppressed results. However, turbine/core
related noise appear to have held the overall engine levels up at the approach
power setting.,

2. Comparison of Engines "A" and "C" Fully Suppressed Configurations

The design goal of the fully treated Engine "C" was to achieve noise
levels of magnitude similar to those of the fully suppressed Engine "A'.
The basic design of these two engines was discussed in Section V-A3. A
comparison of the total acoustic treatment applied to each is presented in
Figure 48. Both engines had fan frame acoustic treatment and core exhaust
treatment. The acoustic wall treatment for each engine is shown in Table VI.
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Table VI. Engines "A" and "C" Wall Treatment.

Inlet Bypass Duct

Length Type |Depth Length Type Depth
Engine ("
19.55"(45.1lem) SDOF {0.3"(.75cm) 89.4"(227.1cm) Scottfelt |1.0"(2.5cm)
17.75"(45.1cm) SDOF |1.0"(2.5cm) 26.6"(Hh7.6cm) Scottfelt [1.0"(2.5cm)
36.0"(91.4cm) SDOF 12.8"(7.1lcm)
15.2"(38.0cm) MDOF [1.0"(2.5cm)
Engine "A"
58.0"(147.3cm) SDOF (0.88"(2.2cm) 37.0"(94.0cm) MDOF 1.0"(2.5cm)|
20.0"(50.8cm) MDOF {1.0"(2.5cm) 37.0"(94.0cm) MDOF 1.0"(2.5cm)
15.5"(38.8cm) MDOF |1.0"(2.5cm)

In addition, Engine "C" had four inlet splitters while Engine "A" had three.
Both engines had a single bypass duct splitter. It should be pointed out
that the splitters incorporated in Engine "A" were not specifically designed
for the aerodynamic nor acoustic environment of the "A" inlet and exhaust ducts.
As such, greater thrust losses were introduced and broadband noise was probably
increased.

The cores of the two engines were basically the same with the exception of
the new two-stage, low pressure turbine for "C" which replaced the four-stage
LPT of "a", {Note that the sketeh indicates that Engine "C" was shorter than
A", This was due to the differences between the low pressure turbines.) The
core exhaust nozzle of Engine "C" was 25% larger in area than the "A" nozzle
which resulted in lower core exhaust velocities - 864 ft/sec (263 m/sec) for
"C" as compared to 1177 ft/sec (359 m/sec) for "A" at the takeoff power
settings. The difference in core exhaust velocities resulted in correspond-
ingly lower core jet noise for "(C".

The perceived noise directivities for the approach power setting are
presented in Figure 49 for the two fully suppressed engines. The "C" levels
were generally lower than the suppressed "A" levels with the exception of the
angles of maximum PNL, 110 to 120°. At 120°, the "C" level was about 2 PNdB
higher than "A".

Spectral comparisons are presented for this power setting at the front
and aft maximum angles of 70° and 120° in Figures 50 and 51, respectively.
The 70° spectra were very similar for the two suppressed engines from the
1000-Hz to the 4000-Hz 1/3-octave bands. The "C" levels were lower than the
corresponding "A" levels below this range; while the "C" SPL's were higher
from 5 KHz through 10 KHz. At the aft angle the low frequency "C" levels,
up to 800 Hz, were lower than "A" due to reduced core exhaust velocities, and .
thus reduced core jet moise for "C". However, abBove 800 Hz the "C" SPL's were
generally higher than "A", resulting in the 2 PNdB difference observed in
Figure 49. The 1/3-octave bands producing this difference (2.5 - 3.15 KHz and
6.3 - 8.0 KHz) were the same bands which seemed to be controlled by "C" core
noise. While the low pressure turbine BPF's could be identified within the
6.3 Kz band for Engine "C", the "A" first stage turbine tone (also occurring
within the 6.3 KHz band) was buried under the "haystack" which can be observed
in the "A" spectrum,
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The comparison of perceived noise at the takeoff power setting are pre-
sented in Figure 52. The noise levels of the two suppressed engines were
very similar in the front quadrant. In the aft quadrant, the Engine "C" levels
were surpressed below the perceived noise of the fully suppressed Engine "A".

The takeoff spectral comparisons for 70° and 110° are presented in Figures
53 and 54. Although very large differences existed between the subsonic
and supersonic baseline fan characteristics, the "C" inlet treatment pro-
duced the suppression required to achieve the suppressed "A" levels. The spectra
of the two engines were very similar from 500 Hz through 1600 Hz. The "C"
levels were lower than "A" within the 2000 Hz and 2500 Hz bands and higher than
"A" in the bands from 3.15 KHz through 10 Kiz. The spectra at 110° were
very similar for the two engines with the exception of jet noise at low
frequencies and broadband noise in the 8- and 10-KHz bands.

A comparison of maximum perceived noise.as a function of corrected
engine thrust is presented in Figure 55. The "C" levels were higher than "A"
at the lower thrusts but are lower than "A" in the vicinity of the takeoff
power setting.

C. FAN EXHAUST TREATMENT

In order to investigate the contributions of individual ncise suppression
features to the total engine suppression, portions of acoustic treatment for
the fully suppressed configuration were removed and the resultant farfield
noise was measured. Similarly, to determine the additional benefit of a
specific modification to the fully suppressed configuration, the change was
incorporated and the resultant farfield noise was likewise measured. These
farfield results were compared to the fully suppressed noise measurements
and the differences were thus a measure of the effectiveness of that specific
noise reduction feature.

1. Effect of Low Mach Number Splitter and Extended Duct Treatment

The fan exhaust duct of the fully suppressed engine was a low noise
reduction feature of particular interest. The conventional bypass duct had
been completely replaced by an exhaust duct and splitter assembly which was
specifically designed for low Mach number flow over the acoustically treated
walls and splitter. The details of the exhaust duct acoustic treatment are
contained in Section ITI-C.

The contribution of the low Mach number exhaust duct design was investi-
gated by testing an engine configuration with the conventional, untreated
bypass duct while the inlet was totally suppressed. When these results were
compared to the fully suppressed data, the differences indicated the amount
of fan exhaust noise suppression that was attained with this noise reduction
feature. C(ross sections of these two configurations, shown in Figure 56,
point out the differences in acoustic treatment. Aft views of these two
bypass ducts are presented in Figure 10.
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The 200-foot (61 m) perceived noise directivities of the totally
suppressed inlet, hard fan exhaust configuration (referred to as the suppressed
inlet) were compared to the noise characteristics of the fully suppressed
configuration in order to evaluate the effectiveness of the new bypass duct
design. Comparisons at 60%, 70%, 80%, and 90% corrected fan speed are presented
in Figures 57 through 60. These results demonstrate that the suppression of
fan exhaust nolse by the splitter and extended wall treatment occurred at each
‘angle along the sideline. In other words, significant amounts of fan exhaust
noise were radiating into the front quadrant. Substantial aft quadrant hpise
level reductions were achieved as well as reductions of this forward radiating.
exhaust noise. These reductions were evident at all of the speeds examined.

At the approach power setring (60%), the addition of the splitter and
extended treatment resulted in suppressions of 2 to 4 PNdB in the front
quadrant and 5 to 8 PNdB in the aft quadrant. At 70°, a difference of
3-1/2 PNdB was observed between the configurations. The spectral comparison
at this angle, Figure 61, indicates that the suppressed inlet levels were
higher than the fully suppressed SPL's at all frequencies. At this speed, the
amount of noise radiated forward was generally the same across the spectrum.
(This figure demonstrates the prominance of the core 1l/rev at 125 Hz in a
suppressed 60% speed spectrum as discussed on page 15. The difference in the
level of this low frequency tone for these two configurations is unexpiained,
however, it is not believed to be related to noise radiating from the fan
exhaust.} At 120°, a 5-1/2 PNdB reduction was attained with the splitter and
extended wall treatment. The noise reduction was across the spectrum as
indicated in Figure 62. The fan exhaust noise appears to have been reduced
to the point where perceived noise was apparently comtrolled by a core noise
floor. WNoise suppression of 5 dB or more was achieved from 1250 Hz to 5000 Hz,
with 10 dB attained in the 4000-Hz band and 7-1/2 dB in the 5000-Hz band.

The comparison at the takeoff power setting, 90% speed, indicates that
the installation of the low Mach number splitter and extended wall treatment
yielded 3-1/2 to 5-1/2 PNdB reductions in the front quadrant and 7-1/2 to
9 PNdB reductions at the aft angles of 90° to 130°. Without the bypass
duct treatment, the fan fundamental and harmonic tones as well as broadband
noise were radiated from the fan exhaust, as shown in the spectral comparisons
presented in Figures 63 and 64. Both the BPF tone and higher broadband levels
were radiated to the forward angle (70°) for the suppressed inlet configuration.
At the aft angle, 110° from the inlet, the fundamental and second harmonic were
very prominent. The BPF was about 14 dB higher than the fully suppressed
level, while the second harmonic was 11 dB higher without the exhaust duct
suppression. The high frequency broadband noise was also significantly higher
for the suppressed inlet configuration.

Comparison of the maximum perceived noise levels, presented in Figure 65
demonstrates that a reduction of 4 to 9 PNdB was achieved by the addition of
the low Ma¢ch number splitter and treated bypass duct assembly. The suppres—
sion shown is the reduction of fan exhaust noise attained in the aft quadrant
with the full engine treatment.
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2. Effect of Coplanar, Coannular Nozzles

The fully suppressed configuration was alsc modified to determine the

acoustic effects of coplamar jet exhausts. The bypass duct was extended

53 inches (134.6 cm) without any additional acoustic treatment as shown in
Figure 66. The fan discharge nozzle area was designed to be approximately
the same as that of the fully suppressed engine. In all other aspects the
fully suppressed coufiguration was unchanged. Descriptions of the acoustic
treatment are contained in Section III-C and additional photographs of the
"Coplanar" configuration are presented in Figure 11.

Comparison of the 200-foot (61 m) sideline directivities for the coplanar
and noncoplanar, fully suppressed engine configurations indicated very small
differences at approach. As shown in Figure 67, the perceived noise measured
for the coplanar configuration was about a half to one PNdB higher at 70° and
120°. Examination of the 70° spectra (Figure 68) shows that the major
difference was at 2000 Hz, although the broadband noise with the coplanar
nozzle was slightly higher. The 5 dB difference observed at 2000 Hz was
due to an unexplained, sharp tone which was measured for several Engine "C"
configurations. (Kulite wall transducers indicated that the source of this
tone was in the vicinity of the inlet throat. It could be speculated that a
probe hole was not blanked off properly during farfield testing.} The spectral
comparison at 120° was generally the same as shown in Figure 69. The same
spectra were compared at 150 feet (45.7 m) in an overlay of 20 Hz bandwidth
filter narrowbands of the two configurations, ¥Figure 70. Several tones were
very prominent within these spectra, primarily the BPF's of the low pressure
turbine, first and second stages which are designated. (The difference in
frequency was due to different physical speeds required to produce the same
corrected speeds.) Note that the unexplained tone at 8 KHz did not occur in the
coplanar results. In additien, the differences in the 2 and 10 KHz bands can
be seen to have been related to broadband noise.

A very interesting observation can be made concerning the turbine tones
of these two configurations. The second-stage tone was much sharper and 7 dB
higher for the configuration with the coplanar nozzle, Likewise the first-
stage tone was at least 5 dB higher than the fully suppressed tone which
occurred at 6150 Hz. However, the turbine treatment in the core exhaust duct
was exactly the same for these two configurations. The shape of the second-
stage tone for the noncoplanr configuration suggests that it may have been
modulated, dispersing the noise energy associated with this tone over a band
of frequencies. It may further be speculated that such modulation took place
within the mixing region of the two jets and that the characteristics of this
turbine neoise radiation were altered when the.mixing characteristics were
changed by the extended fan duct.

The 200-foot (61 m) sideline directivities were also very similar at the
takeoff power setting. As indicated in Figure 71, the perceived noise of
the coplanar nozzle configuration was slightly higher at several of the
mid and aft angles. The small difference at 70° appeared to result from the
higher broadband levels of the coplanar configuration between 630 Hz and
3150 Hz, shown in Figure 72. Virtually no perceived noise differences
could be observed at 110° for this speed, although some differences of the
broadband noise did exist (Figure 73).
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As indicated by the directivity comparisomns, only slight differences of
the maximum perceived noise existed at approach and takeoff thrusts for the
coplanar and noncoplanar configurations. This trend continued at all inter- -
- mediate thrust levels as well, as shown in Figure 74,

D. CORE EXHAUST TREATMENT

The farfield results for the fully suppressed configuration indicated
that an apparent core noise floor held up the appreoach aft quadrant noise
levels, despite the inclusion of core exhaust treatment in the engine.

To determine the effectiveness of this acoustic treatment in the core exhaust
duct, these panels were replaced by hardwall pieces for one set of tests.
Both of the configurations incorporated a contoured inlet with a four-ring
splitter system, thick inlet wall treatment for MPT suppression, fan frame
treatment, and a low Mach number splitter and extended wall treatment in the
bypass duct. In this fashion, fan noise was totally suppressed so that core
noise suppression could be observed.

The core exhaust treatment, which was incorporated in all but one
of the Engime "C" configurations, is shown in Figure 75. This noise
reduction design consisted of SDOF treatment which was applied to both
walls of the duct passage over a nominal length of 36 inches (91.4 cm).
The 200-foot (61 m) sideline farfield results with and without this
portion of the engine treatment are compared in Figures 76 through 85.
Detailed investigations, utilizing acoustic probes, a broadside directional
array, and a nearfield microphone array are presented in the report, "Turbine
Noise Suppression'.

The perceived noise results for the suppressed fan, hard core and fully
suppressed configurations are presented in Figures 76 through 79 for the four
fan speeds. These comparisons indicated that the engine noise levels at each
of these speeds were reduced from 2 to 4-1/2 PNdB at angles of 80° through
130° by the installation of the' SDOF wall treatment in the core exhaust duct.
The maximum reduction of perceived noise occurred at 90° for each speed.

At the angle of the forward maximum PNL -(70°), the approach perceived
noise of the fully suppressed engine was 2-1/2 PNdB lower that that of the
"hard core", configuration. Addition of core treatment reduced the engine
noise from 2.5 KHz to 10 KHz at this angle, as shown in Figure 80. The
difference at 2 KHz, due to the unexplained tone discussed in the previous
section, contributed to the perceived noise difference between the two
configurations. The amount of noise reduction at this angle suggests core
noise radiated from the aft to the front quadrant.

The spectral comparison at 120°, the angle of maximum PNL, is presented in
Figure 81. The addition of core exhaust treatment to the totally suppressed
fan configuration produced significant reduction of the engine noise levels
(4-1/2 PNdB). The suppressed fan, levels were reduced from 2 KHz to 10 KHz
by the treatment. The comparison of 150~foot (45.7 m), 20-Hz bandwidth filter
narrowband results is presented in Figure 82. It can be observed that the
noise characteristics of the fully suppressed configuration which have been
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described as core related were all higher without the core exhaust treatment.
The turbine tones were suppressed approximately 6 to 7 dB by the core
treatment. The relling characteristic or hump between 2 and 3 KHz was reduced
about 2 to 3 dB as was the broadband noise in the 10 KHz band. 1In addition,
the noise levels within the 4 and 5 KHz bands were substantially reduced. The
“unexplained high frequency tone was the same level for the two configurations,
however, the frequency of the tone changed. It was thus apparent that the
maximum level at approach was controlled by noise radiated through the core
exhaust duct and not by fan noise.

Generally a half to one PNdB less reduction was attained at the takeoff
power setting than at approach. The spectra for the front and aft angles
of maximum perceived noise are presented in Figures 83 and 84. At 70°, the
suppressed fan spectrum was reduced from 2 to 4-1/2 dB for 1/3-octave bands
above 1600 Hz by the addition of the core duct treatment. At 110°, the hard
core duct noise levels were reduced from 3 dB to 7 dB, the amount of suppres-
sion increasing from 3.15 to 10 KHz. Both configurations produced the same
noise levels at the lower frequencies for 70° and 110°.

The reduction of the maximum aft quadrant noise levels due to the addition
of the core exhaust treatment is shown in Figure 85. Reductions of from
2 to 4 PNdB were indicated, decreasing with increasing power setting. This
trend reflects the relative contribution of core noise to the overall engine
noise levels.

E. EFFECT OF INLET SPLITTERS

Part of the systematic appreoach to determine the individual contributions
of the engine acoustic treatment, was to investigate the characteristics
of the noise suppression achieved with the inlet splitters. The four-ring
inlet splitter system (pictured in Figure 12) was designed so that the
splitters could be individually removed, starting with the innermost splitter.
In this fashion it was possible to examine the noise characteristics for
three, two, and one splitters as well as for no splitter.

Details of the splitter system are presented in Figure 86. The splitter
and inlet wall treatment consisted of two SDOF designs which utilized different
treatment thicknesses for maximum suppression at different frequencies. These
two designs were mixed such that opposing passage surfaces had similar treat—
ment. Note that the inlet with four splitters differed from the fully
suppressed configuration, in that a hardwall spool replaced the deep treatment
for MPT suppression. In this manner it was possible to determine the amount
of MPT suppression attained with the splitters.

In an attempt to present the 200-foot (61 m) sideline results clearly,
the directivity and spectral comparisons for the inlet variations are pre-
sented as delta suppression as well as absolute noise levels. The suppression
differences were computed relative to the "no splitter" results.
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The perceived noise directivities for the various splitter configurations
are presented in Figures 87 through 90 for 60%, 70%, 80%, and 90% corrected
fan speeds. It can be observed that without splitters the noise levels were
forward dominant. With the addition of one or more inlet splitters, however,
the maximum PNL generally shifted to an aft angle.

The greatest suppression attained by the addition of a single splitter
was from no splitters to one splitter. Significant reductions were attained
from 30° to 90° with the outermost splitter. The addition of the second
and third splitters produced far less additional suppression at the approach
and takeoff power settings, although gains at the 70% and 80% speeds were
noteworthy. The addition of the fourth splitter yielded a definite
improvement at each forward angle for all speeds.

The single splitter produced mo noise reduction at the extreme forward
angles (10° and 20°). Addition of the second and third splitter produced _
successively more suppression at these angles. However, the largest additional
suppression due to the fourth splitter was attained at these angles. These
results suggest that the perceived noise at these forward angles were primarily
controlled by noise propagating through the center of the duct. In contrast,
treatment in the outer portion of the flow path (single splitter) had the
greatest effect on the engine noise levels measured from 40° to 80°.

The perceived noise levels were quite similar in the aft quadrant
as would be expected. A trend was evident, however, that the noise measure-
ments for the configurations with one, two, and three splitters were slightly
higher than with no splitters or with four splitters. {Aerodynamic measure-
wments indicated a flow redistribution for the off design configurations.
As a splitter was removed for this noise investigation, no attempt was made
to reposition the remaining splitters to optimize either aerodynamic or
acoustic performance.) Thus, it appears from the observed trend that the
source noise might have been increased by the off design splitter configurations.

The spectral comparisons of the splitter configurations are presented
in Figures 91 and 92 for the approach power setting. At 50°, the comparison
shows the progressive spectral suppression with increasing number of splitters
for the 1000-Hz band and above. In particular, large reductions of the
fundamental and second harmonic were achieved with three splitters as well as
with four splitters. The comparison further indicates, that nearly a constant
noise reduction was attained with the single splitter for bands from 1000 Hz
to 5000 Hz. Note that the unexplained 2000 Hz tone from the inlet throat
was prominent in the spectra of the configurations with three and four
splitters. This tone also occurred in each of the other spectra, however,
it was not as prominent in that the levels of the adjacent 1/3-octave bands for
the other configurations were similar to the level of this tone. The spectra
at 120° were generally slightly higher than the "ne splitter” configuration
at this angle. This was especially true at the higher frequencies for the
. configurations with two and three splitters.
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At the takeoff power setting, the spectra in both the front and aft
quadrants were dominated by the 400-Hz MPT as shown in Figures 93 and 94.
Large amounts of suppression were achieved at 70° by the addition of splitters.
The amount of suppression generally followed the same hierarchy as observed at
the approach power setting. The frequency range of the suppression broadened
at takeoff and the amount of suppression attained with the outermost splitters
increased at this front quadrant angle. The suppression of the 400-Hz MPT
was best at 110° with these two outer splitters (separately or together). From
this MPT to 4000 Hz, the addition of splitters generally reduced the noise
levels of the no splitter configuration slightly, while the levels increased
from 5000 Hz to 10,000 Hz (the levels for the two and three splitter config-
urations were usually higher than the others).

The maximum perceived noise levels versus corrected engine thrust for the
front quadrant are presented for these configurations in Figure 95. This
comparison indicates that the greatest suppression achieved by the addition
of a single splitter was from no splitters to one splitter. The maximum front
noise levels decreased as splitters were added at the approach and takeoff
engine thrusts. At intermediate thrusts, the one and two splitter configura-
tions resulted in similar front maximum levels as did the three and four splitter
configurations.

Without splitters the maximum PNL had occurred in the front, however,
addition of splitters reduced the front quadrant noise sufficiently to shift
this maximum to the aft quadrant. At the lower thrusts settings, the maximum
front and maximum aft levels were very similar; thus, the addition of splitters
indicated no change of the system maximum PNL. At the higher power settings
the maximum aft levels (similar for all of these configuratioms) had been 3 to
6 PNdB lower than the maximum forward levels; thus, suppression of forward
radiated noise resulted in the shifting of the engine maximum perceived noise
levels to the aft gquadrant.

F. EFFECT OF INLET TREATMENT/LENGTH

The fully suppressed inlet incorporated 73.3 inches (186.2 cm) more
inlet wall treatment than the baseline inlet. To determine the effectiveness
of this additional wall treatment and length, the engine was tested with
segments of this treatment removed. Four variations of wall treatment were
examined.

The entire wall treatment used for the total engine suppression is
shown in Figure 96. This included, in addition to the MDOF frame treatment:
36 inches (91.5 cm)} of deep treatment for MPT suppression which consisted
of a 24-inch (61 cm) section and a 12-inch (30.5 cm) section; and a 37.3-inch
(94.7 cm) contoured section of mixed thickness treatment.

ra
o7}



The following combinations were tested (see Table V): the contoured
section by itself, the contoured section plus a 24-inch (61 cm) hardwall spool
to increase the inlet length, the contoured section plus the 24—-inch (61 cm)
treated section, and the contoured section plus both the 24-inch (61 cm) and
the 12-inch (30.5 cm) sections with thick treatment. The directivity and
spectral test results are compared in terms of absolute noise levels for a
200-foot (61 m) sideline and delta suppression relative to the contoured
inlet results. :

The comparisons of the perceived noise directivities for these inlet
configurations are presented in Figures 97 through 100 for the 60%, 70%,
80%, and 90% corrected fan speeds. Very little effect of the additiomal
24 inches (61 cm) of length could be observed for the "long inlet" configura-
tion compared to the results for the "contoured inlet" with the exception of the
- 80% speed, The inlet with 24 inches (61 cm) of thick treatment for FPT suppres-
sion provided the largest increment of suppression and did so over a wide range
of angles, The effect of the additional 12 inches (30.5 cm) of thick treatment
was most evident in the front angles of 10° to 60°, although at 70% apeed size-
able reductions were attained to 90° with added treatment. Generally 3 to 6
PNdB suppression of the front gquadrant noise levels were attained with the full
wall treatment relative to thHe contour inlet levels.

At the front and aft angles of maximum PNL the reductions attained
with the 24-inch (61 cm) MPT treatment were most prominent at both approach
and takeoff. The approach spectra at 50°, Figure 101, indicated that the
fundamental, although reduced about 3 dB, continued to control perceived
noise. However, the broadband noise and the bands containing the fan
harmonics were reduced from 3 to 4 dB by both configurations with MPT
treatment. At 120°, Figure 102, the contoured inlet spectrum was reduced a
small amount by each of the other configurations.

At the takeoff power setting, a significant reduction of MPT noise
was achieved with the thick wall treatment as shown in Figures 103 and
104. The MPT's at 400 Hz and 500 Hz were reduced approximately 12.5
dB at 50° and 9 dB at 110°. The suppression due to the thick treatment
extended over a wide range of frequencies -~ from 315 Hz to 10 KHz. At
50°, the additional 12 inches (30.5 cm) of treatment produced an extra
2 to 4 dB suppressionr over most of this range; however, the noise levels
measured at 110° for the longer inlet were slightly lower than those for
the inlet with 24 inches (61 cm) of MPT treatment.

The variation of front quadrant maximum perceived noise with engine thrust
is presented in Figure 105 for the different inlet configurations. The
contoured inlet and the long inlet configurations produced almost the same
maximum levels. The confipuration with 24 inches (61 cm) of MPT treatment
reduced the forward maximum levels by 3 - 4 PNdB at thrusts above the approach
power setting. A further reduction of up to 1-1/2 to 2 PNAB was realized due
to the additional 12 inches (30.5 cm) of treatment for the 36-inch (91.5 cm)
configuration.
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G. FLYOVER NOISE PROJECTIONS

One of the goals of the NASA/GE Quiet Engine Program was to demonstrate
through extrapolation of ground static data, the noise levels that could be
anticipated on landing approach and takeoff by an existing aireraft equipped
with quiet engines. Although Engine "C" was not designed for actual flight
application, an indication of the potential reduction available from the
application of technology evolving from this program to actual flight hardware
can be obtained by examining the projected effective perceived noise levels at
the FaA (FAR 36)8 reference points.

The effective perceived noise levels for Engine "C" were computed from
the static engine test data measured at Peebles using estimated flight paths
for a DC8 aircraft powered by four Quiet Engines "C" in the approach and
takeoff mode. The Douglas Aircraft Company compiled a study9 on the D(C8-61
aircraft in which new course information was genmerated for such an aircraft to

reflect the more powerful engines. The new approach and takeoff flight profiles

are presented by Figure 106 based on an aircraft takeoff gross weight of
325,000 pounds (147,550 kg) and a landing welght of 240,000 pounds (108,960 kg)

In addition, EPNdB values were also projected for level flight of a four-
engine aircraft with a flight speed of 279 feet per second (85.0 m/sec), flight
Mach number 0.25. These EPNL's were compiled for flight directly over the
measuring point at 370 feet (112.8 m) altitude for the approach flight engine
net thrust, 4900 pounds (21,805 newtons) and at 1000 feet (305 m) altitude for
takeoff net thrust, 15,950 pounds (71,334 newtons). (Refer to the Appendix,
"Flight Noise Prediction," for a description of the EPNL calculation proce-

dure used to project both level and DC8 course flight noise.)

A summary of the projected in-flight EPNL's for the 13 Engine "C" config-
urations investigated during the program is presented in Table VII. The four-
engine, effective perceived noise levels are shown for both the level flyover
and the DC8-61 revised flight paths. It should be noted that both noise
levels for the approach power setting were based on the same aircraft altitude
over the measuring point, 370 feet (112.8 m), and that the largest resulting
difference between the "level” and "course" EPNL's for the same configuration

the

was 0.4 EPNdB. On the other hand, the DC8-61 takeoff altitude over the measuring

point was 1450 feet (442 m) or 450 feet (137 m) above the level flight altitude
The DC8 course noise levels were thus consistently lower than the level flight
EPNdB values for takeoff.

The projected flight noise levels of the DC8 aircraft powered by four
Engines "C" were considerably below the flight levels of currently available
engines which power the DC8. The "C" baseline EPNL's were 13.5 and 11.1
less than the JT3D levels of 118 EPHdB at approach and 117 EPNdB at takeoff.
This engine with a supersonic tip speed fan nearly achieved the FAR-36 require-
ments for a four-engine DC8 aircraft with the fan frame treatment alone. These
regulations specify that the EPNL values for a 325,000-pound (147,550 kg)
takeoff gross weight aircraft certified after December 1, 1969 may not exceed:
103.5 EPNdB for takeoff, measured at 3-1/2 nautical miles (6486 m) from the
brake release and 106.3 EPNdB for approach, measured at 1 nautical mile (1853 m
from the threshold.
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Table VII. Quiet Engine ''C" Configurations, Summary of Projected In-Flight Effective Perceived

Noise.

®
Projected Effective Perceived Neise Levels for Four Engine Ajrcraft

Level Flyover 7 DCB-61 Course *

Approach Takeoff Approach Takeoff

Altitude = Altitude = 1 N. Mile 3.5 N. Mile
Configuration 370 ft (112.8m) 1000 ft (305m) from Touchdown from Brake Release
Fan Frame Treated 104.2 109.8 104.5 105.9
Totally Suppressed Inlet 100.1 105.8 100.5 102.3
Hard Fan Exhaust
Contoured Inlet 99.8 103.8 99.9 100.4
Long Inlet 99.2 103.7 99.4 100.3
One Splitter Inlet 97.3 100.8 97.2 67.1
Two Splitter Inlet 96.9 99.2 97.0 95.4
Three Splitter Inlet 96.0 98.5 96.2 95.0
Four Splitter Inlet 94.4 98.2 94.7 95.0
Long Inlet with 24" 97.8 99 .9 98.1 95.1
MPT Treatment
Long Inlet with 36" 97.2 99.4 97.4 94.6
MPT Treatment
Fully Suppressed with 97.2 94.9 97.6 90.0
Hard Core Exhaust
Fully Suppressed 93.2 92.9 93.6 87.0
Coplanar Nozzle 94.4 93.5 94,4 87.6
* Derived from static engine test data,

#%  Adrcraft flight speed of 279 ft/sec (85.0 m/sec), flight Mach number 0,25.
%%% Based on flight profiles documented in Reference 2.



The predicted effective perceived noise level for the fan frame-treated
configuration was 1.8 EPNdB less than the FAR-36 limit at approach while the
takeoff level exceeded the limit by 2.4 EPNdB. Llarge reductions of the baseline
EPNL were realized by the addition of acoustic treatment in the fan duct,
especially at the takeoff power setting. Extrapolations of the frame-treated
and fully suppressed farfield results are presented in Figures 107 and 108 for
the approach and takeoff power settings, respectively. These ground level,
static comparisons were made at sideline distances corresponding to the altitudes
of the level flight comparisons - 370 feet (113 m) for approach and 1000 feet
(305 m) for takeoff.

The projected PNLT - time histories for the configurations which were
previously examined statically, are presented in Figures 109 through 115.
Level flight noise levels are shown for both the approach and takeoff power
settings. The EPNL's listed for each configuration are based on both the
level of the maximum tone corrected perceived noise and the length of time
these four engine noise levels exceeded the PNLT ~ 10 value. The zero point
on the delta time scale indicates the point at which the aircraft was directly
over the measuring point. Thus, the comparisons indicate that the maximum
PNLT occurred before the aircraft passed overhead when the inler incorporated
one or no splitters and just after the passover with more than one splitter.
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VI. CONCLUSIONS

Based on these Quiet Engine "C" results, it can be concluded:

1.

Technology to produce low noise, supersonic tip speed turbofans has
been demomstrated, although additional work to flight qualify these
low noise features 1s needed. Projected flight noise levels of a
DC8 aircraft powered by four Engines 'C" are substantially below the
flight levels of currently available engines which power the DC8.

Noise levels similar to those attained with suppressed, subsonic tip
speed fans can be achieved with suppressed, supersonic tip speed fans,

MPT related noise can be effe:rtively suppressed (although not necessarily

completely eliminated) with either a single splitter or thick wall inlet
treatment.

For this engine, fan exhaust noige was suppressed to the extent that
turbine/core related noise controlled the aft noise levels in the vicinity
of the approach power settings.

The relative position of the fan and core jet exhaust planes can

gipnificantly influence the characteristics of the low pressure tur-
bine BPF tones which are radiated to the farfield.
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B&K
BPF
Comp.
EPNL
ana
FAA
FAR
Freq.

LPT

MDQF
N (Nf/ﬁi')

OAPWL

OASPL

Pr,4/PT,
PNL

PNLT
PWL

QEP

SDOF

SFC

VIi. NOMENCLATURE

B&K Instruments, Inc. - Bruel & Kjaer Precision Instruments
Blade Passing Frequency

Compressor

Effective Percelved Noise Levels

Net engine thrust, corrected to standard day conditions
Federal Aviation Administration

Federal Aviation Regulation

1/3-octave band center frequencies

Low Pressure Turbine

Aircraft Mach Number

Multiple degree of freedom

* Fan rotational speed, corrected to standard day conditions

Overall sound power level calculated by summation of
power level spectra from 50 Hz to 20 KHz.

Overall souynd pressure level calculated by summation of -
sound pressure levels at each 1/3 octave from 50 Hz to
20 KHez. '

Ratio of fan bypass exit total pressure to fan inlet
total pressure

Perceived noige level; a calculated, annoyance weighted
sound level

Tone corrected perceived nolse level
Sound power level, Re 10_13 watts
Quiet Engine Program

Root mean square

Single degree of freedom

Specific Fuel Consumption



SPL

Standard Day

W,/8/8

dB
EPNdB
Hz
ips

PNdB

Sound pressure level, Re 0.0002 dynes/cm2
59° F (15° C) temperature and 70% relative humidity

Fan air flow, corrected to standard day conditions

Decibel

Effective perceived noise decibel
Hertz (cycles per second)

Inches per second

Perceived noise decibel
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Figure 1. Fan '"C" Rotor.
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Cutaway Drawing of a Quiet Engine.
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Treatment Details

® Bellmouth Inlet DN 1.0 thick MDOF (1)
10% Porosity

@ Fan Frame Treatment (1)

@ Core Exhaust Treatment {(2) [ESSSSS8Y  0.25" thick SDOF  (2)
7% Porosity

Figure 6. Quiet Engine ''C", Cross Section of Frame-Treated Configuration.
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Figure

Quiet Engine 'C", Frame-Treated Configuration,
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Treatment Details

@ Contoured Inlet Treatment (1) 1.0" thick MDOF (4)
10% Porosity
# Four Ring Splitter System (2)

© MPT Treatuent (3) NN 0-22" thick SDOF (7)
(//11/

® Fan Frame Treatwent (4) 0.30" thick SDOF (1,2)
7% Porosity

@ Fan Exhaust Duct Treatment (53)
1.0" thick SDOF (1,2)

@ Low Mach Number Exhaust Splitter (6) 10% Porosity

e Core Exhaust Treatment (7) VV"’V" 2,8" thick SDOF (3)
\VAVAY. 2.5% Porosity
(Wrapped from the forward edge of [:[D_—_[D 1.0" thick Scottfelt (5,6)
the MPT casing to the aft outer cowl,)

Figure 8, Quiet Engine "C", Cross Section of Fully Suppressed Configuration.
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Figure 9,

Quiet Engine

”C

"

, Fully Suppressed Configuration,




Figure 10.

Quiet

Engine ''C", Fan Exhaust Variationms.
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Figure 11,

Quiet Engine '"'C", Coplanar Nozzle Configuration.
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Figure 12,

Quiet

Engine

"¢", Four-Splitter Inlet,
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 FULL SCALE ENGINE
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Figure 13.

Aerial View of GE Peebles Sound Field.
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Quiet Engine "

Figure 14
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APPENDIX

A, FLIGHT NOISE PREDICTION

Flight noise levels were projected for an aircraft powered by four
Quiet Engines "C". These_projections were based on flight directly over
microphones at the FAR-367 specified measuring locations for the DC8-61
approach and takeoff flight profiles as well as for level flight at a speci-
fic altitude. The flight nolse projections were computed with the General
Electric "Fly Over Noise Program".

This fly over program predicts noise levels of a point noise source moving
through three dimensional space, as would be recorded at a stationary point
on the ground. The program requires the input of the 1/3-octave static
engine spectra at multiples of 10" angles as well as the number of engines
on the aircraft. TFurther, the aircraft flight path, velocity and angle of
attack must be detailed as a function of time. With these inputs, the program
projects the time varying, aircraft flight spectra that have been adjusted for the
number of aircraft emgines, for the Doppler effect, for the range from the plane
to the microphone, and for ground and atmospheric attenuation.

A further adjustment must be made to these flight spectra. The jet noise
portion of these spectra, which is produced by the interaction of the engine jet
exhaust with the surrounding air is based on static test conditions. However,
during flight the free stream air is moving (relative to the engines) at the
velocity of the aircraft. In that the jet noise levels are based on relative
velocity differences, the low frequency portions of static spectra are too high
to be representative of flight. Thus, corrections for relative velocity effects
must be applied in order to simulate flight conditions.

The "Fly Over Noise Program" permits such relative velocity corrections.
The SAE method described in AIR 87611 is used to predict the total static and
flight, maximum angle, jet spectra from cycle data for the fan and the core
jets (See Table IV for approach and takeoff cycle data.) These dynamic and
static spectra are arithmetically subtracted from one another. The maximum
angle spectral difference is then ardthmetically subtracted from the static
test results for those angles and over those portions of the test spectra deter-
mined to be jet noise., The jet noise portion of the spectra was determined by
examining comparisons of the test data and the predicted static jet spectra on
an individual basis. When the delta {(difference between measured and predicted
jet) was greater than 3 dB, the spectra were no longer considered to be jet
moise controlled,

Perceived noise levels are calculated from these adjusted spectra to yield
a PNL-time relationship. By applying the pure tone corrections to the perceived
noise, PNLT is determined as a function of time. Integrating this PNLT flyover
time history from the time at which the maximum value of PNLT-10 first occurs
until the time at which it last occurs, using 1/2 second time intervals as
specified by FAR-36, produces the effective perceive noise of the flyover (note
that a 90 PNdB floor was utilized for this calculation, as specified by FAR-36).

[
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B. ONE-THIRD-OCTAVE TEST DATA

i el omm MAN o e R
Representative 1/3-octave results from MASA/CE Engine "C" tesiing ai the

. Peebles Test Site are presented in Figures 116 through 167. Data recorded at
four speeds (60%, 70%, 80%Z and 907) are included for each configuration investi-
gated. These data have been corrected to standard day conditions of 59° F

(15° C) temperature and 70% relative humidity according to the SAE method
described in ARP 866.12 The sound pressure levels are otherwise as measured

at the 16 microphone locations on the 150~foot (45.7 m) arc. Each table consists
of 24 bands of data at angles from 10° to 160° in 10° increments. The "standard
data reduction" (See Section IV-C) of these 1/3-octave results provide, in
addition: perceived noise levels and overall sound pressure levels for each
angle; sound power levels for each frequency, and the overall sound power level
for each speed point,

The results for the 13 sets of speed points are presented as follows:

Figure Number Configurations
Figures 116 to 119 Fan Frame Treated
Figures 120 to 123 Fully Suppressed
Figures 124 to 127 Total Suppressed Imlet, Hard Fan Exhaust
Figures 128 to 131 Coplanar Nozzle
Flgures 132 to 135 Fully Suppressed Inlet With Hard Core Exhaust
Figures 136 to 139 Long Inlet
Figures 140 to 143 One Splitter Inlet
Figures 144 to 147 Two Splitter Inlet
Figures 148 to 151 Three Splitter Inlet
Figures 1532 to 155 Four Splitter Imlet
Figures 156 to 159 Contoured Inlet
Figures 160 to 163 Long Inlet With 24" MPT Treatment
Figures 164 to 167 Long Inlet With 36" MPT Treatment
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QEP ENGINE "C“
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 60% N
c

FAN FRAME TREATED CONFIGURATION

i, 1j.u 24.0 30,0 40.0 H0.0 6bn.a 7a.0 E0,0 90,0 1ngh0 116.0 126.0 130,0 140.0 150,0 160.0 i70,0 180.9

Mufn ) e e e e e _

Jﬁ. n, w7Le 76,5 77.9 BYL7 KO.B R1,6 BO,& BN.y B3;6 BS.6 HBS.6 &85,.& 86,4 B5.5 BB,.0 B7,6 0. 0, 157.3
63 D, "?4‘»."5 Te.F 7,2 7T.1 73:32 Ta,.2 74,7 7510 76-2 _76’-7 76.3 77.0 77.8 7. B 79!2 an 5 D 0 129‘
ﬁn. b 7145 71.6 73,4 T4V T3.r 73,00 7ELX 74.1 TR.E 0 75.8 Té44 Th.} 77,6 78,1 9,8 79,1 D 0 128,9
100, [ 71,1 71,6 7.7 78,3 f1.z Eg,¢. Bo,¥ 1,5 R3,p B4,2 B%,2 86,2 85,8 85,4 B4,4 R4,7 0o 0, 136)6
125, s 7R.E TELE 70 2.5 £7.5 £R,7 Ba4,7 H5.£ B4,q4 AE,5 B7,5 $%,7 87,3 85.8 BE,1 52.5 K] 0 138.8
160 Be 6, TA.7 An,6 Bi.1 BRen Pp.4 B2,1 #2.% B3y4 85,0 &4.6 B4.FE 84,8 B4,9 2,3 Ey,2 (o a, 136,7
200, 9. TPLE BDLE O AQLA M7 Fp.y 79,% 0 79,00 BP.1 BY,3 Bp.& H1,5 81.3 8g,6 61,1 78,2 ﬂn & D+ Dr 135442
250, (1 YEL1 TE.6 PF.E TELR TR.e 77,9 79,5 79.8  JB,7..75.0 B1.%, B0.i 79,8 80,0 _77.9_78B.8 _0s» 0, 132,8

215, G 7E.3  B1.5 7%,9 .77.8 7e.& VE,0 77,7 YB.B 7839 -79.8 Eg.5 82.1 81,3 8.0 79,2 78,8 i3] Gy 13348
400, 0. 79.2 80,7 3.1 TFE.7 77.5 Te,% T6,% 6.6 T741 77,9 79,2 #0.2 80.5 HO.% 7B 76,8 D 0s 1352,4
sgr, G, 79,8 Ed.n AR5 TR.e T7B.G TR.E 76,7 77.n0 76,7 7B.1 7%,1 80.4 80,9 8H2.0 TBy2 7643 04 0: 132,9
630, b, A?.0 B1.,3 8,1 7.9 79.% 78,7 78,0 77.9 7B, 79.8 Bi.0 B2,B 84,8 83,7 mTQJ&,”Z7,§JLmu; O 13448
BoD, P, A4, BI.F E3,6& £1,0 Ep.R B:r.0 75,6 78.2 79,5 Bp. 4 2,6 84,5 85,6 83,0 787 77.4 0, 0 1389
1n0o. Gy 242 B65.1 84,6 B4V8 AQ.5 bp,0 78,5 _77.9 7B,6 _Bo.i. . 82,0 84,2 84,3 B2,7 78,6 ?5.8 . 0. 0. 135,7
1250, t. 9%.4 %b.¢ 97,2 9z.8 2.y Yp.B BY,7 85.B B3;7 H4,3 4,6 88,1 87,1 87.8 82,9 B35 N D 144,86
1600, G, 46,7 BE.o AR BF.2 B3.E LX,4 B0,7_ 79.0_ 78,1 79,5__F1,7 84,7 83,7 03,7 78,6 77.6 0. 0, 43748
20n0g, U, 7.6 86.9 27¥,p 8R.1 ER.0 B4.P TB,& V9.4 7H:5 Hp.31 B34 B4,4 B4,7 B4,9 F9,T 77,9 Oy 0 1278
2hog, 0, 04,3 97.¢ 93,2 8973 99.4 94,8 87,3 BI.€ 83,1 830 £5.1 86.7 87,7 85,5 81,5 78,7 D+ . 0+ 1H2«7
3150, D4 6.6 FHE.Z  3E.4 ET7.5 E4.9 H+3.F 80,5 78.2 B0;3 79.3 B1,B B5.E 86,1 R4,q TE,7 78,6 0. 0, 138,9
44g0, U, Mhe6 B804 97,1 BYLB RO.B 67,0 aﬁj« bl.4  B0+3 _82,1 04,8 DBé.y B4,; 86,4 82,4 HQ,5 0, 0y 1A1,6

snod, n. APF.7 90,8 BY,t B8F.9 85,7 E6.2 B2, 78.6 TB.9 TVEL7 60,2 85.p0 86,0 81,9 T8, T6.L 0 04 14041
6300 . D aR.4 BE,I 9,6 BE.D 86,2 £4,6 81,7 77.8_ 80,0 Bg.B BI.? B5.5 83, 5_84.% 72,5 26,5 _ps . 0+ 140,4
gnuo. 0. ME.7 F®.9 87,7 BT7.Z E4.6 L7,6 80,4 77,2 76,7 75.6 7%.4 B3.6 B2, 01,6 TE,7 TI,8 D 0y 18040
10600, G RELBE B7.Z NE,F BE.4 F2,5 B1,5 78,3 74,6 76,4 75,1 7%, B1.5 B0.5 79.4 74,3 73,6 _0r. _0v _ 1395
QVEPALL  130E 14C.0 164.% 40 c.4 Gg,7 S$R,T 95,7 $4,2 94,3 95,2 96,6 98.4. 8.1 97,4 94,9 93,9 _13.B 13.B 152,2

9¢. 4
10 B 11201 111, 9 106,97 106.5 106,48 106.9 105.1 110.8 110, 9 410.3 106,5 405.1 0. 0
15,9

3. 1
PNL 0, 11Z.4 1314.3 1
0. 1 J115,5 115, 1;2W?”A£§W?Plﬂeﬁ? 10€.4 110.3 332.0 $12.0 414,8 108,0 107,53 0. O

PNLT 116.0 117.5

Figure 116.



FST

QEP ENGINE "'C"
1/3 OCTAVE DATA CORRECTED TQ STANDARD DAY

150" (45.7M) ARC; 70% N,
c

FAN FRAME TREATED CONFIGURATION

U, 1y.0 20,0 3i.u 40.0 Be.0 &c.o V0,0 &¢.0 %00 100.0 11C,0 120.0 £30,0 140,0 150,0 160,0 170,0 4B0,U
FRE o . o SW,
50? e, 74,5 75.0 75,% 75/8 76,0 7&.5 79,0 79.0 8i;2 81,7 81,7 75,5 83,0 84,7 B8,0 89,0 0, 0, 154,9
63, 0. 78,5 76,0 77,9 76,0 77.0 7.0 79,7 79,2 60,1 &1 0 B34 77.B 82,2 B4,0 86,6 B?2,2 0, 0 13445
f0, [U 7E.1 76,6 V5.5 7408 75.3 74,6 77,3 77.64 7850 79.3 £B0.6 V6.3 81.8B B3I, 5 Bg,2 84,7 0. B 133,18
100, U; 76,3 75,8 77:1 7T.% 8B1.6 Ba.6 B2.% &G4.,1 85,p g5.8 £6,6 83,6 87,8 BEB,8 BQéB 3yl I 0 138,4
125, 0 5.8 B6.9 B8%,1 88.p %g.1 90.3 B8,2 94,5 92,5 94,9 92,1 91L.0 94,2 94,2 93,9 90,2 b 0. 145,5
160, 0« Ape4  BILE 36,0 B4TT 86,9 Bg,7 B7,6 59,2 89,5 9p,;7 90.7 BH,7 94,0 B9, BE,&6 &7, 2 0 01 1423
200, i, 2X,6 BB.7 fe.1 R4.R £4,7 He,8 AF,7 B7.¢ HB,6 87.0 65,7 87.6 89,3 9n,8 E€6,7 85,2 0, 0, 140,5

250, e 4.7 83,8 32,2 79.8 Rp.7 79¢,B B3,N BI.z Bé.,4 B5.p B4.7 83.5 85,9 85,p B3,9 85,2 g+« G 137.3
315, n. 79,7 82,9 B81.% 79,8 &2,p 6B4.0 82,8 83.p B4,1 84,7 £5,9 Bh.4 85,2 B83.7 83,9 82,9 0. 0. 137.4
ADD, 0 a2%,4 BZ.B B2,B 41,7 B1.9 Bz,5 #81,B 4H6.¢ Bé,p 82,9 84,9 B%,3 56,1 B4,8 B4,5 82,8 0. 01 137,7
560 . a, .3 83.4 45,0 Bg.& kp.7  79.E BL,4 B2.0 62;0 B2,5 83,5 B4.5 84,0 E5,8 83,7 H2,0 0. G, 136,7
B30, 0. 1540 8%.2 a5 ,4 Bz.p LHER] 7o.0 B0 +2 49,4 B2.7 BS.2 85,2 85,7 86,5 8511 B2.8 8112 N b 13’|6
840, 0, 2%.6 P6.9 H4,1 B1.8 H2.p 8p.B AD,7 BL.2 B2,2 B30 85,7 66,5 &7.,0 84,0 &2,7 80,2 0, G 13748
1000, 0. 6.9 86,2 Aé.4 84,0 84.9 8x,2 83,0 Bz.p B3,5 BS5.0 BS99 87,9 87,2 85,2 B8%.1 8n.2 0 0. 139,2
1250, 0. %7.7 89,1 A/9,1 ®A,y FR7.9 B8%,1 B30 PR4,1 B3I,5 BA.7 He.n Be.5 87,2 B4,p B3.6 Bi,n (i 0. 44040
1600, D. 190.B 105.1 95,3 101.2 105.1 102.3 95,3 9B.6 §5.6 95,1 Ya.«1 95.14 92.3 92,1 %0.n B7.6 L 0 193.3
2000, n, A8.1 95.6 48,% 86,2 FE7.p BE.5 62,2 83,7 82,7 B84.3 86,2 87.2 85,7 83,3 82,2 79,6 0, D. 140,14
2500, 0, 39.0 AR,4 49,7 87,1 &&.1 B3.1 82,1 dp.6 B3I,6 B5,1 87,4 B&.0 89,4 85,3 84,0 BD,5 0. 0. 140,7
31va, 8. 95,5 94,9 SR, 94.8% ©S.p 9p.B 92,0 E£a.2 RE,y B7.9 Yp,B 92.% 94,0 Ho,.0 87,7 88,2 0. 0. 147,3
ADCD , s, RRE.B  93.0 9n.4 B87.2 PR&.8 EBe,¥ A2,R #p.1 83,4 B&,0 H7,9 B7.6 BR,4 BY,1 B840 80,3 0. 0« 141,.8
5060, 0. 2.3 92,3 93.7 &&,4 ©p.5 B7,% 84,7 AR1.7 B3,y B6.4 87,6 89.3 89,8 B6,4 84,6 82,9 0 0« 143,68
63060, i iB.3 90.5 9¢,% &% H&K.4 8x.4 B34 B1,7 B4,9 BA.4 B7,4 B6.2 B6.6 87,4 B1,r 7B, T 1, 0« 142,1
BOLD. D, wa.? B?,P a7,1 BS.p F4.p Br.,? AO,2 79,5 Hi,4 B4.z 86,2 89,0 87,4 Bs,0 B3.1 A0,2 0, 0« 1418
10000, 0. 5.0 B5.9 fe,2 B4.3 Pd4,p Rp,? 79,0 77.p 79,6 B1.0 #2,3 82,7 85,2 Bp.o -Bn.% 77,2 0, g 140.5
DVERALL 13.8 193.8 106,6 103,58 1035 106,3 103,868 9%.7 101.8 100,6 1D1.2 101,31 101.7 102,5 101,3 100,4 98,7 13,8 13,8 157,0
PN Ue 116.9 519,% 418,4 115,44 $18.0 216.9 113,31 115, 112,99 113.4 1314.3 115.2 116.2 133,6 111.9 110.8 N 0
PuLT B, 191.2 124.6 121.,% 121.5 124.7 182.0 $17,3 31B.B 117,01 116.9 116,3 117.9 118,9 116,4 t14,5 113,5 0. 0

Figure 117,
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1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

QEP ENGINE "C"

150" (45.7M) ARC; 80% Ng
c
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315, 0, 75.0 74.0 73,7 735 74.7 73,4 74,F 75.9 7¥6.4 78,1 7B,1 79.4 79,4 78,7 77,7 76,8 0, De 1390.6
400 Be 7207 F2.9 72,6 TLi3 T4.9 73,3 73,6 T4.4 Tdyg 7509 76,9 T6.9 7843 7B,% 7B.B 7.3 (. O 129,58
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5300, 0. 98,5 85.p 8%.7 83.0 Pfp.o 7e.5 75,1 74.9 T2sp 75.4 H1.3 83.5 8p,3 78,2 74,8 7241 0+ 0« 13640
BOCD. D A3, B3, Ap,7? &p.5 77.6 Te. 5 75,9 72.B T2,z 75.0 k1.3 &z2.0 80,1 76,6 73,7 70.8 N 0. 135,68
10000, 0. H4.9 BE.R HE,P B4,4 By,9 T9,& TEBE T3.6 Tl.0 72.0 7741 78.9 77,0 75,7 72,6 69,4 . 0, 137,.8
OVERALL  13,& 73.5 1.9 7Z.9 9n.9 A9,5 89,2 89,7 8B.% 8%,3 91,5 93,0 93.7 93.3 ¥2.5 1.6 g2 13,8 43.8 146,39
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74,4 71,9 73,8 T5.1 75y2 77,4 T79.4 84,2 7%,1 78,3 7B 75,0 0o
17.%_77,1..75,7_ 75.% 72;46 76,9 Bi1,B B0,% 81. 76,7 78y1 . Zﬁil___nl__..
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8f.3 B8,7 87,5 87,5 89,17 90,4 91.9 92,0 _9;____gg£§_n9n,s g 183,5
a5,% 86,6 ®BA&.6 B7.,1 BR.0 H0.2 9i.1 9i.1 936 92,87 BY,4 o, 182.9
64,7 85,1 B8E.8 45;8 88.3 Y0.6 921.2 91,5 93,1 ¥2,0 BB,0 pr  142,6
4.3 84,0 BI,A 86,4 88,2 90,7 92.1 91,3 92,0 V0,6 86,4 0, 142,3
81,6 83,1 83,0 A84y;4 87.3 68,8 90.3 88,6 90,0 89,8 8%,3 Dv 14016
1.2 81,7 &2.s 82,4 85,0 ©6,7 B8B.3 B?, T EO,p) BE,E& 85,0 0. £39,3
81.6 80,8 B2.0 31,6 84,1 Be.4 87,0 87,2 £8,5 B7,0 AR50 gr  138.8
sp,5 B1,0 62,1 62,5 84.6 B7.,8 85,5 B8.4 B9.1 BT, 9 B5,y 0 1396
B1.4 B2,6 81,5 84,4 85,3 B8.6 86,9 87,1 88,8 87,6 83,8 01 150!0
79,6 81,2 61,8 31,46 B8I.p ©4,7 88,3 B4,2 B6,1 85,1 Bz, g 138,9

85,7 82,8 83.7 81,1 83.9 &7,5 B85.1 BB.0 &4,6 B85 83,8 2 ;4039
B4.4 Be¢,B B2,0 83,4 83,4 84,7 85,3 84,2 86,9 BI,8 81,0 0. 140.4
84,6 82,8 &2.8 80,4 82,4 85,7 34,3 84,2 B4,3 85,9 R2,8 0+ 14144
g2,1 B2,& 81,4 82,1 83.1 #6,5 84,% 83,1 B81.6 82,8 79,8 9y 14046
9.8 BU0.5 79.4 79,2 82.0 B7,0 88,1 86,2 B4,5 84,4 80,4 9+ 14241
99,3 99,5 69,5 148,14 102°3 104,1 164.7 310%.9 107.8 08,9 187,64 13,5 187,38
1Y

0



191

QEP ENGINE ''¢"

1/3 OGTAVE DATA CORREGCTED TO STANDARD DAY

150" (45,7M) ARC; 607 Ng
c

TOTALLY SUPFRESSED INLET, HARD FAN EXHAUST CONFIGURATION

70,0

0, ta.0 g0.¢ 3d.0 40,0 Bp.0 6D.D 80.6 9%G.6 1G0.0 110.0 $24,0 130,0 140,0 £50,0 160.0 170,0 180.0
_ FrEg . . — . _ - L.
50, 0, 78,9 78,9 79,4 BB 79.8 £1.8 79,0 79.0 8Ice 841 85,1 83.0 86,7 B6.4 B7,7 6EB8.0 0 0 157,6
.83 0, 74,8 73,8 78,4 7309 74cé 74,8 18,3 T6.4 7737 97.4 V7.4 76,8 79,0 78,6 80,8 83,2 0y 0. 130,4
8o, 0, 72:% 73.7 72.1 71,8 75,3 73.8 73,5 74.4 74,3 73.86 Té.0 79.5 7B.0 77.4 796 79,9 0. - . 0. 1BB,9
__100s. ___ 0, . 71,9 72,9 _74.4 76.0 7H,A_Ba,R 77,9 79.1 79,7 B1,9 83,4 82,9 B4,2 8I,5 63,8 81,2 0, N 134,8
125, 0, 75,7 €4,3 #0.8 B3T4 PB4.p B3,2 90,3 88,2 B2,9 B7.4 91.8 B7.4 86,4 06,8 BE,3 65,4 0, Qs 480,7
460, 0,  74.7 77,8 80.5 _B0,% B1.9 Bp,3 82,8 B3.4 83,5 B4Ty B85.4 84,8 85,2 84,8 83,1 B3B8 07 ns 1369
200, 0. TRt 7F.9 00,48 81.3 EHp.o 79,1 78,2 79,2 Bi,? Bi.2? B1,% 82.2 B30 B3I.8 76,9 8p,2 D 0. 484,85
. 25Q._.__0,__ 77,2 _Bo,0 78,6 ?5.2 76.n 75,0 75,9 78,0 7B.p PF7i.p 79,3 8p.3 82,2 Bi.q 78,2 7B, 8 a4, 0. 482,2
315, 0. 7700 BO.0 77.3 TFéy2 75«8 77,1 78,0 78 L VYi1 Bovi 898 82,1 B2.1 B0.0 79:0 76si Oy 0 4B343
_ 400, . 0y 4.8 77,0 _ 76,7 74.% 74.6 74,9 75,8 76,94 F6y% 7B;p 79,5 B0.9 81,0 Bo.8 Bp,2 7B,2 0, p. 381;9
500! Gn 7?‘16 74-6 77!1 74!0 74!7 74-6 7507 ?Soﬁ ?7vﬁ 77-9 79|2 eﬁ-a‘ allg 8005 79!0 ?70(] Gu G! 131!6
630, 6, 74.2 76,2 76,5 75,3 75,8 75,2 75,3 76.3 7Ryp 79.5 H1,% 84,1 85,2 84,1 B3I 770 0. 0. . 334,2
809, 0, 75,1 T6.B TV,3 7614 75.8 V6.4 Tl 76,9 7940 BD.L B3:3 B5,0 B8.8 B3.7 BT 76,7 D% 0. 1894
1000, D, RETY: 77;U‘m2734 _25;;“‘74i1 76,6 76,3 76,3 7850 79,2 82,8 85.2 85,5 3401 5001_ ?Tqi _ b+ \”gprgiggng
1250, 0. 73.9 79,1 78,6 78.0 77.R 79.0 JB,0 B1.0 79,8 B3.0 B33 86,5 8B,3 906 B4,% Bi.0 g 0 1381
_ 3600, D, TP.2 74,9 76,4 7F4.1 75,9 7s,5 76,0 78.2 77,9 B0.2 ®81.4 B4,4 85,3 86.1 B1,0 7By5 gy 0s  48%,%
2000, 0, #9.2 80,2 81.9 F9.5 By, 78,4 78,3 77,4 78,0 B1,95 03,6 B4,F 86,6 84,2 V6.2 7/B:3 O 0r 456,8
_.2860, 0, 74.8 77,9 78,6 79.0 76s7 79,3 7B,2 756.8 Biy7 B83.F B6,5 B6,% 89,3 BB, B1,8 F¥9.R2 py 0, 35844
3150, 0. #5.n 768 78.7 740t /5.8 76,3 76,0 77,8 78,7 7By2 Bg,7 88,4 55,5 84,1 92,3 79:4 (. 0. 1566
_4poe, b, A1.1 79,1 82,6 78,0 79.8 74,0 77.2 77.1 84,0 B3.0 86,3 87.% 99,3 94,8 B3 1 8p,2 0% ... .0¢ 43941
5000- 0. UE}U 6531 1.8 81?4 77«0 ?8.3 73.1 78,3 ?Bvl 7974 83o§ B5,1 85;2 E4n§ aﬂps 7?9@ 18] Qo 13?P1
_ 6300, . .0, 85,0 B85,0. 8627  B174 Bop.o ¥9,3 V7,3 76,2 79,1 F¥iz 8434 B6L&ﬂﬁ§iLiﬁ_géiﬁguzzigf+zzlg_Hﬁg1___wag__gﬂﬂjﬁ
&goo, 0. a¥.6 85,6 34,1 BI.9 79.6 77,1 77,7 7h.6 76,5 78,0 &E2,1 83,7 83,8 L B D: D« 437,7
_ieeop,  @. 85,5 87,5 87,8 85,3 e3.0 Bp,7 79,6 75,2 ve,p 76.4 81,0 83,8 B82.7 78,3 76,3 74,5 Qs 0s__ 4%0,P
JYERALL 13,8 9p.8 94,5 94,7 93.3 ©9p.8 Yp,4 93,9 03,2 3.5 954g S7.8 98,4 99,3 98.f 95,0 94,5 1348 3.8 350:3

N
MLT

O'E
n!

195.,7 107.3 197.7 105.1 104.8

L tuz.8 103,86 403.6 10546 1072 110,2 111,9 113.3 10%9.9 107,86 105,2
198.0 108.5 109.2 306.2 106.4 104,7 105,2 £04,8 106,8 108.% 111,4 112.5 114,7 134,7 109,) 06,3

0o
L)

Qe
"0y

Figure 124,
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.. FrEg. .

50,

DU -

an.

_..10p0,.

125,

e 1600

200,

- 250,
315,
400,
500G

_. B30,
8on.,

L Ao,
1250,
1800,

__?UUO."

. 2500,
3150:
~4p00,
Booe,
@3001
3000
- 40900,

IVERALL
*Nl
N T

20.0

74,3
L7154

76,1

74,3

82 4

82,2

84,5
82,3
83.3
79,2
78,1

77,7 .

78,4

78,5

77.3
81,7

7.6

79,6
83,5

82,2

89,4
7.5
58,1

57,2 @

96,9
16.5
12.0

QEP ENGINE "'C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 70% Ne -
c

TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION

%¢,0 100,0 110,0 420,0 $30,0 140,0 150,0 80,0 170,0 189,0

80,4 B3,7 85,8 B7,9 BE,7

87,0 6941

YR ]

i Qs 41§Q1_

F3I+3 F2.3

18 9% go.; EB,B 86,4 0
g 85,8

aa & 87 1 8417 83,7

84-6 86,0 83,5 81,2

37 1 35|D
55-3 B4|2

_91 2 %0, u

3a.0 40,0 70,0 80,0

72,9 74.7 77,6 77,6 80,0 8673 80,8
74,8 75,2 B0,7 8n.7 8py2 81.8 B3,2
74,4 74,5 77.3 Té.1 775 7B.2 79.%

_75%,0__77.8 60,6 B%Lqﬂmasia 84,7 84,8
65,1 B77S B8,8 89,0 9iv2 9IVL V3«2
48,4 _85.0 B6,4 B5,6 89,p 9PpeE  90.2
85,2 8571 §2,8 B3.7 B7,0 66,8 B&.?
82,0 80,1 _B82.5 78, 41,5 82,5 B8p;9 #3.6 B30
43,3 8p.t B2.7 Bz2.8 B4,2 BA.8 B5,9 -
79,8 77,9 B1,6 Bp.X Bl,8 BI 4 83,0
78,0 77.,% 79,5 79.5 Bi%8 B83.3 62,8
79.2 7843 ﬂzmn,ﬁzgll 79,9 79,9 82,7 83,7 84,4
80,0 ag W1 21 g ;g.; Bg $2 Bb.& gg :

79 79,5 _h4.8

7sf§ '78‘2 ag & 8o, 81+% 82.7 'Eh.( “B
89,2 82,1 84,8 84, 5 86,3 B88.0 Y2.1
ag.3 7876 7?'7"81 5 B3,2 856 37“2
B1.0 B2.p _ 81,7 81,7 8543 87,6 90.3V
A3.2 B35 83,7 8BZ,7 B%,2 85.8 88,3
85,2 82,3 B5,5 82,4 B1.6 85,7 87,7 9Ql§‘
5.2 B7.S n5,7 £4,9 87,6 B4.,3 87Tp 9.9 .
69,7 B5.2 _B2,% 6p,9 8442 84,% 88,2 90,9
6.0 BE.3 TE3V3 80.5 83,7 816 87,9
87,3 87,4 __&7; 83,8 79,0 B1s3_81.1 84.9
26,9 96,8 ¢ ] 96,7 96,2 98,8 4p

11C.2 109.7 11 ﬂ? 197{08,9 08,4 1104 112.2 114.4

111,3 111.0 11 09,5 116,4 1d9.5 111,8 113.5 116,5

p,1 101.5 103,7_103.7
117 g 117 u 11

98,5 13,8
113,1 109.9

Figure 125.
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TOTALLY SUPPRESSED

QEP ENCGINE ''¢"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 80% Nf

c

INLET, HARD FAN EXHAUST CONFIGURATION.

9. 19.0 %64 za.0 40.0 0.0 60.0 70,0 80,0 90,0 £0p,0 110,00 $20,0 130,0 140,0 150,0 160,0 170,0 180,0
%EQ 0, 97,7 77,0 9.1 77.8 78.7 79,9 50,3 80,5 64,0 644 84,8 8347 69,0 PL, 0 VB 95,4 0s oi””“ﬁ
83, . 0. 31,3 _7R.4_B89,4 79.0 79.0 Bp,3 81,5 Bp.7 83y4 835 B4,3 84,8 89,5 90.4 91,8 92,8 0. *,n,s“-_m?_n.
80, 8. ng.9 7E.9 79,9 77,8 Bg.3 79,0 BU,0 79.4 81,7 B3.1 B3 6 85.1 aa 6 89,8 74,6 91,3 Oy 0 1384
_A00, Dy . 79,2 78,3 34,0 Bosn_ B3.5 83,0 83,4 83,7 B6;3 B7.4 B7,9 88,5 92.4 ,%%LZW_%lLQ___ﬂJ“ ........ Do 341,86
125, gy TA0.2 82,5 "87.2 'B8VS 90+1 89,3 91,7 0.1 9e«4 94.B 95,5 96,0 97 96,3 12 3.0 B 0 44740
860, 0; _A2,9 86,5 89,9 94:D_91.8 91,3 92,4 90.8 94,2 95.5 96,0 96.3 27, 9 96,4 94,7 92,5 Q. 0. 3A7;B
200, 0, 57,0 BE.4 48,3 88,31 H6.6 86,1 86,7 87.7 91,3 89,7 Yge1 90.% 93,0 93.2 91,0 89,9 0 Y 153,4
_ 25, _ 9. _ 5.3 86,6 87.3 B4vy B39 84,1 83,5 84,5 B6,4 BB.6 88,2 88,9 91,0 90.2 88,8 87,9 0w D, 444,0
315, gy, 02,0 084.4 B, n B4y4 B3.n 65,2 85,7 85,5 B8, 578977 89,1 90.9 91,0 90.2 89,0 B7.Y 0. 01 1A1,8
_ &00,.___ Gs. Bis0 81.4 83,9 _BpV2 82,5 82,9 64,5 83.8 an 8.5 ©B8,2 88,7 88,9 89,14 BB:6 B6,7 0 Qs 140,46
200' e, 78.9 83.2 FH.-_\_ 81.9 &3.7 B4.2 85, % 85.6 BY.1 91.4 B87.9 B9,4 89,% 9[1,3 BBo& BB, § 0 0 141.7
830, _ G, 80,2 82,8 84,7 62,2 #2,8 Bx,1 B3, B3.7 86,6 B8, B8,3_ 90,)  91.5 9 54_ 86,0 Q¢ . 0r
800, u: 89,9 82.3 83,4 83,1 82.4 84,3 B5,7 83.8 87,5 B8 7RG Y 92,0 Ss; 85?%’ 3% 3. ég§1
_.ADop,. 0, _ 84,7 82,6 83,3 BRI 80.9 83.3 &giﬁ 84,0 B6y6 B8.1 B?.e 91.9  9L.2. aa41u4§21§J_§;m1__“ni.w, 0r 381,68
1250, 0, 78,1 80,7 83,3 B1,1 Bi.0 Bp,4 62,8 83,8 85,4 85.6 B7,3 90,7 91,0 89,3 87,9 84,5 0y 0+ 14048
4600, __ G, 43,4 82,7 85,3 B3.4 85.7 85,2 54,7 86.6 B7,4 90,0 91.5 92.7 95.3 95,3 87,9 B§,7 D D 143,9
2000, 6. 88,6 BY,6 89,6 TEY,Y 91.1 69,6 BE,B 92,1 91407 ALY IS, HTI6.8 00,5 R T VL0 VL F 0 Gy 198,98
2500, 9, #1.9 83,3 86,2 85,0 83,9 Bs,1 64,6 B4.5 89,3 90,9 93.4 92.8 95,0 89,2 87,0 B4,7 0 9, 144,37
ai50, b, 8, B5,8 87,3 84,3 #4,9 85.3 85,7 85,7 87,7 88,8 91,3 'Y6.8 T94,7 V0.8 B9, 3BT, 0 T« 0y 3451
40up, 0, 49,9 B6.2 89,9 B6.2 AB.6 BS,3 86,6 86,5 90,5 92.8 95,3 96,8 98,0 91,5 90,9 B9, 6 0. 0r 197.6
5000, 0, 99,2 91.4 89,2 89,3 B8%5.p BA,% 88,0 B87.0 87,5 BB 8 791.6 93,9 93,2 90,7 B7,2 B5.0 0, O 1#5.1
_ 8300, 0. 90,4 B88.4 91,2 87.2 B7.A 87,3 85,9 84,0 87¢5 87,8 90,3 93,0 92,1 88,4 86,1 83,9 ¢, 0c  144,9
BOGG, 0,  mB,1 89,1 85,8 88,1 B4.7 84,2 66,5 84,6 88,2 8775 91,2 "91.7 91,1 Bs,2 B5,5 82,6 D, D 115.0
10006, 0. _ AB.4 88,8 A9,6 8774 £5.2 64,4 85,0 #2.4 8¢,7 83,8 87.5 90.2 90,3 85,7 83,2 62.4 Qv 0» 4448
IVERALL 13,8 99,0 99.4 100,86 9974 _99.8 99,6 100,2 100.9 1024 1040 105.0 406.5 107,8 105,5 404,6 103,2 13,8 13.8 13840
INL 0. 112,7 113.1 113.9 1122 112.4 112.0 112. 2 112 .a 114:9 {t6,6 118,4 120.0 121,41 1317,7 115,8 114,1 0 9
NLY_ 0, 115.3 134,6 115,2 113.2 114,5 193.4 113,5 114.9 {1650 1181 119,8 124.4 122,9 139.9 417,3 116.2 0v 0
Figure 126,
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__FeE

50?
63,
80,

—d00

125,

-1

200,

315,

400,

B00,

630,

800,
__oop,.
12520,

250,

160n. _

2000,
_ 2509,
- 3450,

DYERALL
PNL

PNRT___

1/3 'OCTAVE DATA CORRECTED TO STANDARD DAY

QEP ENGINE “C"

150" (45.7M) ARC; 90% N,
C

TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION

00 44.0 2020 F0.0 40,5 80,0 60.0 70.0 80.0 90,0 00,0 0.0 320.0 130,0 140,0 156,0 160,0 170,0 {B0,0

akl
T TTatR 8.6 0.0 BL9 B2.B 83,0 84,0 85,5 87,5 B8;0 88,6 BB.b 94,2 96,6 100,% 103,7 D« 0, 186,3
o' a3lp 82i1 R1,p B2.4 82,9 Bp,% 83,9 84.7 86,6 86:9 88,2 88,8 93,2 94, s 9851 101,00 0r 3848
n, ~"3.5 B8p.7 82,9 836 A4.4 Ba.6 B3 B3, T B5;5 86.5 88,% 89.7 93,1 9¥3.58 97,8 97,5 Qs LA3:4
0,..B2.7 87,5 81,9 B39 #sS.p 85,9 36,1 87.6 88,7 91.0 91,8 93.% 97.4 97.5 100,7 97,8 0. 0: __18649
0 TTs3s 84,9 A8,3 B9, R 90.9 9$1.6 91:2- 92.0 93.% 952 95,2 98.1 10057 101+ 10233 9¥¢2 O g 499
0. 94,7 91.7 94.9 S&:3 93y7 95,0 93,9 95.8 98,5 98,9 100.0 100.3 10315 4D3.4 104,9 98,4 O 0. 1549
0 A7.9 91.8 91,1 911 69.9 9p.1 90,1 91.8 93,9 93,2 94,9 96.2 97,6 98,7 96,9 96,0 0+ 0y 147, s

- n., _ 16,1 87,9 B8AR.,2 A4.8 BA,9 BA,4 RE,4 B%.2 90,7 92.1 93,0 94,3 96,4 99,7 93,8 93,9 0, 0 _;as,
0, w4,y 87,1 86,3 86.3 89,9 B9,4 90,1 0.2 92,0 9331 93,0 36,0 96,9 ¥5,9 94,1 94,2 D a0 1d6,4
0, . A3:8 88,1 R6,9 8571 8%.q0 89,4 90,3 89.9 O0,p 92:p 92,9 93,9 4.4 93,8 94,7 93,34 0i _ 0. 8493
n. Tapie 857 3608 TBE'S Bb.6 BB.3 87,2 B9.0 89,9 90,9 J1.8 94.4 94,5 T4 h F4,6 92,0 O 0+ 4459
0. fZ.q 86,0 B7.4_ B5,3 B6.0 Pe.4 88,2 89.3 90,2 92.2 92,4 95,4 95,7 93.8 93,2 91:3 ft 0., _14%,%
2" TA3z,1 85,9 87,3 87,0 Bé.n0 Be.4 87,3 BT.i 90yvp 9130 22,3 93.0 96,3 2.7 93,1 g 0 B. 34%.2
0, _ n2,0 _86,4 85,4 86,4 85,0 86,6 87,3 88,1 39,8 9072 9i,% 95,2 94,4 92,8 93,2 1) Br  LBA4T
n. " #1.1 88,1 Ee.o B4,9 n4.9 8s,4 85,9 86,8 8847 89.3 90.2 95.3 95,8 92,7 7240 Bag 0 G 144;6

0, B2.g B4.n0 85.4 85,1 85,9 B8s,4 86,1 B87.0 B8.,2 90.5 92,2 94,4 95,7 9240 91.0 89,3 0 01 34446

o '”91.2("99 BG4, 936 95.4 95,8 92,3 94,2 97+0 99.8 10216 103.8 104y7 ¥7e2 7di3. ?5.4 B 0 3’3«
D, 85,7 87,9 89,1 BBI3 88,4 90,5 89,1 B8.2 9257 9473 97.0 97.0 9B.8 ziﬁ__g1L§AAailg___j4*f4 Qe 188,2
p. A7iq B9I4 89,3 8771 L6.9 BB.6 88,5 89,1 91,1 90.2 5.2 96,2 94,2 7.9 89,3 0 v 146,48
0, 90,8 90_g_ 93,3 897D 6t.8 B7.1 90,0 90.8 94,0 96:3 99,4 1200.0 99,6 95.6 93,1 91,9 = 0s 0 35%50,6

0, TTRS.p 4.1 90,2 92,2 BB.p B9,5 90.6 90,4 0B 92,4 5.0 6,4 .95g4“§z.a 9n.9_ 88,0 0 0, 187,
0, Sn,0_91.3 92,5 B9.4 69,9 0.0 89,2 88.0 Gis4 9144 95,0 98,3 95,6 9049 8%34 89,0 0 0. _ 4#848
n. R7.8 90.9 89,1 89,8 B6.4 Bs.8 BB,E BE.7 88,7 ©1.0 94.9 95,7 93.2 89,3 BB,5 B86.9 0. Qe 148.&
g, 6.3 B®&,5 B8Y,7 B6.5 86,1 B5,6 86,7 55,2 88,3 @884 93,3 95.4 92,8 89,0 88,4 85,3 Oy 0, 148,34
13,8 1n0s0 102,4 103.2 10257 102,8 103,2 08,8 103.6 16958 19740 109, $ 110,7 1133 109:4 330,3 10%,% 3138 13,10 183,7

0, 113.8 116.1 116,5 14572 115.8 116, o 115,2 115.9 118,2 14979 122.4 124.0 124, 5120.0 119,5 1168:2 0, 9

gL 116.2 117.6 348,% 11701 118.6 118,3 116,8 {18.4 120,4 1220F 323,1 126,7 127,0 121.6 129,5 120,3  0; 0. - o

Figure 127,



QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150' (45.7M) ARC; 60% Nf
C

COPLANAR HOZZLE CONFIGURATION

ts.0 20.6 38.0 48,8 50.0 60.0 70,0 80,0 90,0 100,0 110.0 120.C 130,0 140,.0 150,0 180.0 170,0 480,0

. S S|
78,9 74,3 74,5 77V7 73,7 7.2 76,5 75,7 7¥Bsp ¥7LS 7B, B0.1 81,4 79,7 8250 B3, 6 D; 0. E§1;7
_71.3 - 68,% 68,9 6974 &9.8 .4 71, _ 1.5 T2e5 7859 73:2 74,9 78,6 ?6»2_ 7,4 79,8 s B 186,9
66,8 6758
2

69,0 67.1 \ B A7.8 &B,F 69, 1 68.9 7034 70,9 723 74,1 15,0 76,9 T¥5:.1 78,9 0, 0+ 126,42
52,3 68,9 70,5 69,3 68.95 9.8 72.4 _72.9 73,6 74,3 75,9 77.4 78,9 8 81,9 Bp,B - 12944
Ti.6 72,9 74,6  75./8 T4.4 77,0 B1,8 77,% 79:4 8372 85,5 82,3 81,3 81,8 82,7 B1,8 Qv 01 134,8

74.5..74,7 12,4 7373 73.6 75,4 75,% 75,3 77y4 78,9 Bg.3 B1.2 B3,9 82,8 &n,7 Bp,8 0y 0 102:2
70.2 T73.3 71.9 7377 74,9 7T7.0 76,5 76,9 7l:¢ ?27.2 78,6 B0.y 80,1 79,9 7B,5 78,% 0 0, 131,2
LP2.p 72,3 71,2 714 70,9 ¥2.8 74,5 P4.0 75y2 ?5.6 77.4 V8.0 7B,6 72mmwﬂ1ziﬁHW19i§ﬁﬁ*JLL#‘__nL__1g242
72,9 73,0 72,5 71v6 T71.7 73,5 74,7 75,3 7Tés4 7777 79,4 Bo.6 B0, & T8,4 76,2 76:0 D n. 130,7
_ 79.8 73.6 T2.1 PivS 71,3 To.2 72,9 T3.34 74,6 7573 77,0 77.6 78,0 TF7.4 7505 4.6 04 128,90
72.2 3.0 73,5 72,2 71.5 72,3 73,0 73,3 74:§ 4.9 76,9 7F7.4 77,5 V7.2 76,8 T4 0 u. 12848
73,6 73,4 73.6 12,3 75,4 72,7 74,% 76.5 7547 ?6.8 79,0 B0.p 60,3 77.2 766 73,7 Dy 0, 413036

73.6 73.0 73.7 72"'4 7294 74,3 74,4 73,7 95,5 7859 Bg,3 82,4 B2.0 P&, & TB,4 72,8 0 Dy 13&e#

_72a1 7R.4 78,6 71,6 74,9 73,0 75,7 74,8 75,5 8.6 78,8 81,5 80,0 76,3 7405 72,2 By 0. 480.7
70.37 7707 F1ad 71,6 7242 73,7 75,7 73.9 74,5 75.86 77.6 B0.1 77,9 4.8 T34 722 i Ge 32948

v T1¢B 734 74.3 a,&__1241__zaLz__154%r_JALE__zginwwzi%gV*§§J5 Bo_zw,?%L%__%EL%*_FIJ*_qTQJ%___ﬂJ____ﬂJ_.i3
0, f1tg B2.1 BI.0 80:3 78.7 78.1 765 754 75,5 76,4 00.4 8 31 73 0 g 1 3?%
_?3,2 72,5 73,2 72:% 74«4 72,5 73,3 V3.5 78,4 I 79,6 82,3 79,3 V5,7 V6,6 74,7 0. 184,48

?3,0 72.8 72,27 73,8 71.0 70.6 72,1 69.8 7i¢8 73.5 77,4 79.9 76,0 VB, 3 T332 7i.0 o. D¢ 12944
"!1-8 79.3 30,0 777 7&.4 74,7 70;7 73.2 7357 73.4 77‘01 7.7 7702 ‘73-7 7343 71.2 G G 131|2

izy3a 83,5 79,7 80,4 76,0 73,1 75,6 71.6 7irs 72:9 786; 36 778 74 3 ¥3i1 7840 68,8 Dy 0 131.

0! A5io B4.4 B85.2 -8273 Bp.B 78,2 76,2 73,2 7557 7578 79:6 86,0 r?.s ?3 3 73 0 0s 136,06
6, " 03,4 85,3 03,0 82.D 78.5 76,3 76,9 Tao TIes T4 TET BL, 2.8 &Y 0% 0¢ 13513

6.6 B7.0_ 85.4 B5.7 82,2 Bp.3 77,6 73.5 ¥3:4 3.1 76,6 80.7 76, 5 74, 3 7.7 69, 7 0% 0s 138.4

13,8 92,6 92.8 92,0 912 88,9 88,8 a9 3_88,1 89,1 3093 92, e 94,3‘ 93,0 94,8 91.; 90,2 13i8 13.5 1#6.%

G9OT

00,8 994 1004 (0437 104, 107,47 1047 1024 10018 29,2 8 0
2 30008 1004 103:9 10414 105'5 108.5 105.5 102.8 1uu's 99, 0, 0.

Figure 128,
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150" (45.7M) ARC; 70% N

£
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COPLANAR NOZZLE CONFIGURATION

Figure 129,

. 0, 1.0 20.¢ 30.0 40,0 50.0 60,0 0.0 80,0 90,0 490.0 10,0 120,0 130,0 140.0 150,0 150.0 170,0 180,0
REn -
80, 0, 74,2 73,3 72,2 T4 I3.% 95,6 76,F 74,2 TFy® FBI6 B0F Br.b 83,0 84,2 87.4 89,9 0. 54,3
___Mglimﬁw_n+___1ng,m1§4§ 72,9 74,6 75,9 77.7 78,1 75.9 76,9 B4 79,8 BD,7 By,.4 85,5 z.a B . 433,2
80, 0. 74,2 71,5 74,2 7178 72.5 73.4 74,5 V4.1 T5,8 TEIB 78,5 BO.6 BY,9 B&,2 B6,3 u, 132,7
_1B§4L,m*ﬂlﬁ,_11+i__11Lﬁkﬁlixﬁ__zziﬁ__124ﬁv_lﬁ.9 75,3 75,9 ?Bfg 79,4 60,8 B2,7 B4,8 89,3 87,6 ..185,1
125, 0, 76,8 73,4 74,8 79V2 8ovg BB, 87,7 37,8 0741 84;2 86,8 8B.0 87,2 9a34 88,3 ﬂn 140,2
. 480 Q. 73,7 74,5 76,6 71,8 7TB,4 Bi.3 8L{,% B2.0 83,3 B34 85,0 86.5 B7.,4 B6,7 87,4 LA37,7
200 0, 74,6 76,7 7B, 77,4 78.5 78,4 79,3 79,8 Bl;e 82,4 83,9 84,7 85,5 84,8 84,7 0 135.8
250, Q. 76.6 77,8 76,4 Tb,1 75,9 77,0 7915 77,9 8043 B80.:8 82,9 83.0 84,5 B3,? B2,7 _0x_ 334,7
I15, 0y 77.3 T7EL 7744 7772 7740 78,9 79,8 B1.,1 0816 82,5 B4.3 85,8 65,3 83,4 82,7 o, 136,9
800, 0, _7¥.2 . 77.9_77.2  7a%s 76¢4 76.9 7812 79.0 Bgs4 Bp.7 62,7 83.4 82,9 BI.0 83,9 134,58
500, 0. 762 77!6 73.3 76,0 7%.7 78,8 76.9 77.7 79.8 8p.3 B1,? 82.4 82,3 82,4 86,3 0: 13%.%
830, D, 75.8 76.6. 77,6 76,1 75.8 V5,4 77,4 77,4 79,2 84,5 62,8 83,2 83,4 8193 79,0  0s __ Q. 334,43
800, 0, 75,1 76.9 76,9 75,6 75.9 77,0 77,7 77.5 F8:4 B1.0 B3,8 85,5 B4,0 BpeB 78,0 - 0. 134,
3000, _D..  F2.3_ 4.5 74,5 7474 4.0 Ta.7 7.6 6.6 TV 4 Bpi? B4.8 B4,5 By,B sg B 79,8 76.0 - B 183,%
1250, D 7t:3 72,9 73,7 73,2 73.8 75.0 77,4 7.4 76,7 ¥B.2 60,3 B3.0 79,7 7%, 1 78,6 75,8 0 432,
1600, 9, 71.2 75,4 74,1 76.5 7I5.p 76,9 7B,2 78,3 _F?,0 7B.6 Bi,B 82.1 79,4 _PI5 76,9 L De 33248
2000, 0y 73,1 72,2 74,6 75,1 74:6 75,5 75,2 76,9 77s4 8.5 82,6 82,8 80,8 76, 75,5 0 13340
__RB0Q, D, 74,3 74,4 74,9 7TV 73.3 35Ag#_75.7 75,9 783p 80,0 82,3 83.3 81,3 79,0 78,0 74,1 0r 13349
3159, Do 79,5 79,4 76,5 Té,2 74.2 73,1 74,0 73.2 78+t 76.7 Bo 7 Bz.4 78,6 78,8 Ve,z 75,4 0 13249
40006, _ 0, 85,9 83,0 83,7 80,2 78,7 78,1 73,5 75.6 76,9 7656 80,3 86,3 8 75,2 74,8 SO 134,4
5000, U; 95,8 B7,9 84,7 B4L1 7B.8 7T7.2 18,7 75,0 T3 74’@“‘?7 ? IS TR Ve 5,7 76 0r 13543
__ 6%00, 0, 88.5 86,7 88,2 B5,5 B3,7 #1.9 79,5 76.7 ¥8y7 ¥7.% Bg.8 83,6 78,6 77,2 T4,1 L 74,7 0y 138,14
80006, 0. 05,5 B87.4 B4,7 "Ba,5 B1.5 7F&,4 7JB,7 76.9 76,8 74,6 H2,i 89,3 HT,7 TV, e ‘7?,1 g, 0. 139.%
10000, D, A6.4 B7.6 86,4 B6.2 83,4 81.2 79,9 76,7 78,14 75.5 79,0 B1.7 78,5 74,0 73,9 0y 139,58
OVERALL 13,8 94.7 95,0 94,2 9373 91,7 93.1 93,1 92,7 93.4 93,8 96,1 97.% 96,8 96.9 97,5 97,1 13,8 149,5
PNL 0, 1a8.0 108.3 107.7 {06.2 104.7 104.2 163,7 102.6 103.7 10477 507.5 109,86 167,2 106.1 05.2 H3.8° 0.
PNLT 0. _10%9.0 109.3 18,7 10679 105.4 206,0 105,2 104.0 1048 104.9 108,2 110.7 1047.9 63,8 0



L9T

QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 80% N
[+]

COPLANAR NOZZLE CONFIGURATION

v ¢, 14,0 20.p 30,0 40,5 50,0,.60.0 70,0 BO.0 PP,0 100,00 110.8 120,0 130,0 140,0 15B,0 150,0 170,0 180,0
,,,,, Eg ... , _ i _ adL
: 86% 0, 78,8 77,2 77,0 7Bs7 78.3 BO,1 B0,7 Bi,5 B2y7 83:83 BmT 87,3 88,8 V0.1 T4 96,6 0, 0. 140,3
- B3, n, 79,9 77.4 77.1 71;5__15L1, any1 80,6 8.4 BigS BYU0 83,8 86,4 87,1 BB,B 5.7 93,3 0% 0s_138:4
Ba. %, 79,5 76.% 75,5 76,4 770 78,8 79,5 79,3 BOv& 8.4 84,0 86,1 87,8 0.0 92,8 92,5 0 0 1387
100, Dy 72,9 75.8B 76,3 77.7 78,2 79,3 80,1 80.6 B2y7 B39 86,4 87,6 ‘jgiﬁ 92,3 94,9 93,5 n. Dy "180x6
125, 0, no.6 78.2 4p.5 B0T4 B1.4 B5,1 BT 85,4 B86,p 8477 89,7 90.8 92,8 ‘4.n 96,1 93,7 o. 1he,7
o A6Ds. D, 79,3 78,9 81,5 By79 02.4 85,3 84,5 65,9 87, 83"1__JLdL_21- 92,7 __1___511__A242_A‘nl _____ _1B2,5
200, 0, 78,9 B1.3 30.6 B2.0 61.7 B2.9 B3, 6 84,5 8641 85,3 B8,8 89,7 90,8 91,4 90,8 90,8 0 o. 180,9
_ . 250.. . 0, . ADgD._BA.3 80,6 BpJ6 B86.0 82,1 82,4 83,0 A4, Lwﬁgigéﬁ_éz;igwea 5 89,2 89,9 89;3 88,5 0 0, 189,58
315, 0, A1.0 682.3 82,0 B176 Bi.0 62,9 B4, 1 84,5 ab:6 B6/B 68,6 89.9 39.5 89,1 89,3 88,1 0O+ 0 1#0;5
e ADDa___1Da__ 79:6 81.4 81 7‘gﬁlizu%ﬁn4jLuJuLdL_Jiilz__gﬁli__ﬂéAz__ﬂ541L 82,0 . _§9ln_ﬁﬁaijﬁuﬁixa%mﬁi*zkkﬁltlg_WBJ__kLnA_AiaP‘a
500, 0, 79,5 80.6 B2.1 81,1 8p.n 81.6 82,9 82,8 35:;4 85,3 86,5 87,8 BB, 4 89,4 88,8 BS54 Dy 0, 139,3
o B30a.. .04.... 2034 81.0 01,8 82.0 00.9 aiz__,§3J5 B2,9 84,9 B5.4 B7,0 B7.7 BE.8 aa 8 87,9 B4a,4 04 0e _139,%
aan, D, 79,4 79,8 83,5 B1.1 Bg,7 By.4 82,4 82,3 83,5 84,8 87,3 89,4 88,0 87,3 86,6 83,3 0, 0. 139,%
_..h000, Dy._. 7642 81,0 vfagéﬁhzznggzgiz%ﬂzglgm_gz.; 84,7 A#2¢3 83 4 85,Y 87,3 B8B,8 84,3 85:3 Bi,6 pi . 0. 13747
1250, 0. 4.5 75.9 77,7 77,2 77.5 78.6 B0,i 79.7 80,8 B{.7 B3, 2 B5, 9 33 3 34.1 83:5 BB.Y D o, 136,10
160D, Dy 74,7 _75.0__78,0 77:3 77,4 79,2 79,2 79,9 80,4 81,4 B3B8 85,9 | _ 82,5 B0,3 0, Ds__435,8
2000, 0, 78,2 77.4779,7 8q.0 78,0 Bn. 78,6 §0.3 &1g4 8350 85,7 35 g ﬁi 7 —32 9 Bl 80,8 0% 0« 136,7
2500, _G.. 79,9 77.B_ 7B,7 76,9 75.6 7.3 79,3 79,3 ; ae“s ”as.s 84,9 84,3 83,4 Bp,4 78,5  0s 04 . 1!6.2
§1500 0T G208 82.17H0.B TBoid4 77.8 77,8 UE,0 76,57 §T9 8%,5 84,5 81,0 82,5 Bi,4  78.9 00, 1836
4000, 0,  A7.8 85,1 86.n 53,5 83,2 81,9 78,3 30.5 sst 51.1 83,7 B84.3 83.4 81,7 79,6 79,0 0, 137.9
"0, g, w8 "8B,9 85,9 Bb.6 B3.0 81.5 82,5 73,5 TBy4 78.6 B0,3 82,9 80,5 B06 BE.ZT 75,9 Toe 43749
6300, 0, 89,4 88,0 89,2 86,5 84,7 B83.8 82,6 79,7 80,8 79.5 82,2 83.0 80,1 80,0 769 ?711___9,”“__g1 139,4
Boaog. n, 92.9 A7.5 38S,p A5.2 Q1.8 Bp.4 80,6 78.9 7J9.5 3.3 84,9 85,2 Bi*? “B0V3 7T 76,0 0. O 139.5
10p0p, 0, Mb.6 B7.4 36,4 BE'T 82,6 By.0 79,4 77.2 ¥7:9 75,7 Bi,1 86,8 83,3 81.6 78,0 76,7 0. 0. 180,8
OVERALi, 13,8 76,5 96,6 96.4 558 94,4 95.3 95,4 95,7 97.0 97:7 99,8 101.3 101,7 102.4 103,5 102, 13:8 13,8 15342
PNL D, tip. 1 115.1 109.9 109.0 107.2 107.3 107,0 106,56 107:8 109.2 1310.6 111.9 111,0 130,68 110,2 108,3 0 0
PNLT 0, 1ti.2 114,2 110,9 109.0 107.2 107,1 107,0 107.6 138,% 10871 %11.2 111.9 111,00 1%0,8 11i0,2 108,35 0, 0.,

Figure 130,
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500,
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2500,

3150,
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ZC.0 30,0
87,0 a1.2
Ei,t‘ 81!4 .
81.5 81.0

81,1 34.4__8

E1,1 834
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B4.% BR,1
(BE,4 8E.4 B
BE.F B7.%
86,0 85,5
EX,7 B&,4

5o.0

QEF ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 90% Ng
c

COPLANAR NOZZLE CONFIGURATION

" §070 tho.0 110.0 120,0 130,0 140.0 450,0 160,0 170,0 180,0

B340

__..8’21 3 - f,fLA.n.l-

EZ. L

2;5 _.._52 [ -
< 5.6

CB7s% ﬁﬁ;_
7

F&.7
__B4.3
65.8

8%,z 85.3

_90.1 20,0 .
8k, 2 09

o, ikers

nﬂﬁil,ﬂﬂ7u

65.4

B3, 1__B6L3

82,9 fda.B

82,1 B3,1..

7%.9 81,46
76,6 84,¢

EBDes

B3+ 6

8204 BR.3 B

R Y

£1.8

84,8
83,4

89;8

6244
ED.ed

B2.2
87.9

87 E
o 89,7
gr.4 85,4

4
Bs,2 83
BL.E 84,7
°
o
o

.. BB BE.0

B3.7
658

TRZ e
L B1.2

99,06 99,1

112.5 42,7 112.F
(34127 1140

98.2

111.8 110.9 110.F 1
111.9 112.3 112,11

]
e

87.6 90,1 92.1 93.B 96,0 100,8 103,9
86,4 89,2 91 g gg. 94,4 97,8 10040 oJmm114g1
85.6 88.4 3.1 95.8 99.6 98,7 Ge L8485
& 87,4 89,2 91.4 93 9 95 6 99,2 402,6 100,90 0. _.187:

50,8 H9TTGE09 9640 98,7 16045 10247 9943 0 148,
g2y3 95,2 96,% 98,2 q00.2 99,7 99,7 Qe...188:2
%09 3,0 95,p 95.6 97.3 F&,9 96.7 De  1#6.1
88,5 1,8 3.8 95,1 96,8 96,1 94,2 0 _ 14B.1
Sy i T0,9 98.p G4,6 5.5 T84 93,7 D 1853
90,1 $2.2_92.% 93,6 95,3 94;7 92,4 0s._144,8
LY Pk 52,3 92.4 93.0 %4.7 9F4.4 9140 0 144.1
88,2 94,4 52,3 93,1 94.4 93,1 89,9 0. __183,%
B87.7 90,7 92.6 92,7 92.% 91.% 88,3 D¢ 143-2
:1-T%8 .89,5_ 94,5 90,3 1.4 903% 86,9 Dy AB4GE
8d,p 87,37 89,5 89,4 90,2 88,8 85,3 0y 440-4
Bd,1 87,9 88,6 88,5 89,1 87,7 85,7 0. 140,0
88,0 89,5 88,7 89.? 53.4 86,9 84,5 0 141,0
B5.0 B7,3 88,2 88,7 88, 37r1.“3207____ v De_180.2
BQ.H B? 4 37.3 SAIB 7!3 E’ID 320 Ol 13°|D
85,7 87,3 88.2 88,2 86,7 84,4 B35 De 14149
B2.3 84,3 B6.3 85,8 B5,8 8,0 81,1 0s  L30.7
BAy4 84,7 B5.5 B4,2 84,3 81.8 81,7 O'A’.“l_'
82+5 85,4 B6.1 83,9 83,3 81,7 904 0. 140,
Biy6 87,1 9%0.1 86,3 84,7 B3,7 Bp,B 01 1H2.8

9,9 101:4 10274 104,3 105.9 106,9 108,46 110.0 109,2 13.3 1%8,0

0.8 1120 112,494 114,6 133,7 1158 16 1 115,95 113,49 0

1.8 1130 112.4 114,6 115.7 115.8 6,1 115;5 113,4 0,

Figure 131,
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1/3 OCTAVE DATA CORRECTED TQ STANDARD DAY

QEP ENGINE ''C"

150" (45.7M) ARGC; 60% Nf
- c

FULLY SUPPRESSED WITH HARD CORE EXHAUST CdNFIGURATION

L 10,0 20.0 3p.0 40.0 50,0 60.0 70,0 60,0 90,0 100.0 1%0,0 120,0 136,0 140.0 156,0 1800 170,0 180,0
a 3
iﬁi a, 4.8 ;4 3 3,7 787 °:7£%9 15,; TYERE T8y 7956 YL Su.a A1 ? iﬁt# §§’§ 84,1 ay 13 }i
B0 n; 49,8 69,9 68,3 8.4 a9.4 70 1 7n 3 7045 Tivb 71"9 72.3 ;4 +1 74.5 15.! ?6 ¥ 76,6 nr TREL
. ' r - .3 M l—
*u-as 0 ﬁiaéi a1k '§-_ Sy 8358 BET oy Gy 5868
3130 8343 alis epee sise VL7 7eiz. 91 o) isyle
1704 78,1 78,2 19,0 "9%.0 47;2 73.4 0y 0, 18049
_“_73.5 . 6y5 75,9 76,8 78,2 74,7 .77, 76; ‘ _ .
¥ 74k TleTTEIN Byl 803 BLg s
725 \ SR A I 78,3 99,09 97,4 74,7 0y 0. 4129,8
e e et 01.F 1.8 He.y Bh Tas by 5. iiTe
T34 T3.B 74y Y 8 76L% "8nyd Biy 14 6:3 75,9 T o iB4,4
ed 3315 948 T8 lang IS 9817 ene7 etio re.d rais ies g1 6. i%gls
1 72¢4 73,6 74,5 ¥4.2 75,5 75,2 77it 78,6 78,2 PA,y A4 72,4 0 0 L2944
P ] 0 ;g 9 ;3 4 ;g.z ;;-g 7;_._4 7;;;;8 ga}g ;9-0 ;55;3 {;:7 ;E'.’ ;312 Qs 0. 329
a, 78 . 14 : ¥i 76 B4l 768 73,7 77y iy 10 8g.0 7.4 s vy 0¥ 0 4383
...2500 w2l Y2l 287 7324 ?azsx 151 5.2 27s 195 . 8254 B8e.¥ 83,8 77,8 7808 72,8 0y g, 1saia
3150, 0, 74,4 73,6 75,3 7371 7143 7o.7 72,0 72,7 7%y9 77,1 B4 B3.4 51.2 27,8 Th 3 744 D, 0, 1324
4000, Oy . B0O,6_78,8 79,2 7874 76,4 74,6 74,6 78,4 77,0 80,8 84,5 B85;3 _ 74,9 0% 56,4
~ Bopo.. 0, 80.9 H ¥ 77:2 15,4 ; . ' w8 THY §z¥3 3511. 1% _
_ y e -B8) AiB__B3,% 7948 78,3 V.4 76,9 @iy B3V& 87K 90: ¢ @4;7 8043 T9.4 O 0,8
8000 g, BA2,9 B4, 6 83,4 8271 78.0 V7.1 76,2 75.7 6.4 TE5  B1i? 8456 82- Bg 4 T35 730 Qv 0. 137,82
10000, 0, 85,3 86.4 B4.9 857 82,3 Bn.b 77,6 74,4 73¢2 7472 78:2 81,5 79,4 77.8 73.4 73,4 0v 0+ 198,86
QVERALL  13.8 91.8 92,3 9§.a $270  90.8 90,0 F4.3 0.4 §1.2 1:9 90,8 13,8 13,8 147,8
PNL 0. i65,0 104,8 105,14 10475 102.2 1049 101,7 101.7 10354 H - 198, 11 12 104,10, 0,
PN T 0, 1G7:3 106,5 107.6 10776 103.8 102,3 1fgup);oz 4 10432 106“1 io? 3 111.2 109,9 19241 103,7 403,70, 0,

Figure 132,
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1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 70% N
C

FULLY SUPFRESSED WITH HARD CORE EXHAUST CONFIGURATION

0, 13,0 20.0 30.0 40.6 50.0 40,0 70,0 80,0 ¥d.0 100.0 10,8 120,0 130,0 140,0 150,0 16050 170;0 180.0
FaEg —.g-!bl—
50 0, 73,0 72.7 12,3 7315 72¢% 74,4 75,5 76,0 T¥ys 97?3 787 B1,5 82,7  E3.0 §6;6 88,2 0« o+ 33%,8
63, 1, 75 4 73,2 74,7 7507 75%% 76.6 7649 76.2 T7v4 7999 Bii0 82147 B2u4 8449 86,4 Qv 03 i
80, D, 736 73,0 71.5 714 7247 73,9 74,5 74,7 79'7 75 7 7852 B80.7 3142 82,5 84,8 84.:2 Oy $31,
*40114__0_._7_3_;_3_ 3.3 74,1 26;0 .Y v ] W f3,6 4,57 ar 86,4 - 0 8
1254 0 95T B2 84,5 93%2 83.5 92, , .SQ%t
160, N,  IA4y5 79,4 81,7 8273 B3.% 68 ; _148,0
200 0, 77,8 79,7 80,4 80,7 Bg.8 Bg.? 4] Do 38%,8
250, 0, 78,3 79,2 7B.4 7776 79,0 79.7 By 0, 4348
F15. 0, 96;9 78,9 97,9 7776 7Big V9,0 g Ge iis,-
400, 0. ?8.B 7%.,2 77.» 7874 768 Fy,1 gy . -483g
500, Oy 74:7 76.4 76,7 7574 76.0 77.} 0 gf i33,8
1 ) + 2 2 % 5 ¥ 2.8 78 0. £ i ]
800>  74a4 76,4 96,9 TeTR Vo4l 7744 88:9 =4 134
- S j 7903 7958 FH(6
12500 0. 71s0 72,4 73,7 73.9 74,3 75,3 : % 'y -;!;,B
16040 0, P143. 74,5 25:0. 2455 . 74:7 76,14 : A | i E§4§WHZ§L 1 v;jzgg
2000 0, 72;6 72,9 75,6 7%:8 7306 7BiR 13,3 77,8 T8y V9.3 G278 82,8 BL.5 U9k TI,8 76,7 § o L8N
2500, 0, 338 74.5 95,3 7SR ' 75:9 96¢7 V.0 7.8 B804 6204 6413 883 83,8 80is W7 759 Bw . e
9150, 8, 77,9 78,0 78,4 ?5 3 ?4 8 73,B 78,1 V6.0 7By¢6 B0.2 B3.4 B5.P B2,4 80y1 PN,8 77,6 0% 0s &B!.g
Gf 8415 82,5 83|y 9,7 78,4 77,4 79,5 8034 B3.7 B7.9 88.3 87.0 ggiiww%% 5 77,9 0% Q.
A0 [ 34:4 ‘ ¥y 78,9 ¥ 40, £k 86 s.f_' TN % ;ﬂga ) 0+ 387y
8000, 0s as 1 B6:6 65:5 Bdz b1.3 810 B0 3 81,8 B1+9 B3 2 BEiE 91,0 8838 8647 82,4 79.2 0% 01 10249
10000, g, A5.3 87,4 B6.5 BET? BI.n 84,6 9.4 17,6 %54 778 B2.f 84,7 82,3 B5.9 97,8 75,7 0+ 0 380,9
OVERALL 13,8 Q3.9 98.0 94,8 9379 93,y 8.7 97,3 f&is 9937 9835 9848 99,5 984 7.8 91, B - §3 1 13§48
PNL v, 107,2 108,3 107,8 10677 105.3 104.9 105, 1 105.4 xnén 10870 £34.0 342.3 1%0,7 10V.0 1BS, [ B '
PN T 0. 3108.4 109.4 108,9 10677 106.1 106.5 107,0 407.0 10777 10971 £42,# 113,0 112+ 14034 187,2 104.9 O e

Figure 133,



TLT

QEP ENGINE ''C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 80% N
[ 1

FULLY SUPFRESSED WITH HARD CORE EXHAUST CONFIGURATION

0. 1y.0 26.¢ 30,0 40.0 50.0 60.0 70.0 60,0 90,0 00,0 380,0 120,0 130,0 140,0 438,0 160,0 370,0 1B60,0

Fg _ W
T80, G, 76,5 76,2 75,5 7708 744 77,6 F9.0 BO¢8 Blyi 6177 8847 85,5 88,7 B8 F50 AF 05 04 ggsgv
63, 0h_ 7933 _76.4 76.2 74674 TTes 7706 T8y 9 F9. 3 BileX, Bav4  BE, ¢ 84,7 BB,8 8.4 90,2 9242 . 0% 0. 137
80, Dy 77.2 76.2 75,2 75.6 76.4 77.83 77,7 78,9 30,2 80.7 B2:5 84.8 86,4 88,3 90;8 89,7 O 0: 137)0
00, 9, 76,6, 76,3 77,0 796 89,9 81,5 82.? 33,8 B4,6 BS5.5 B7,4 B8B.6 69,8 91,2 93,1 90,3 0 0, AK0.2

125, 0. 78,8 80,0 85,2 85,4 A7v9 88,3 B9,3 89,1 8855 9pl2 PR 91,8 92,9 W 4 B4 DY 04 14348
160, 0y._198,5.82,5 65,7 8474 87,1 88,0 88,5 88,3 B8y5 804 94,8 91,8 92:4 92.4 024 89,8 0 O .
200, 0. A0.% 83.3 B3.4 B53.5 B83.4 83,7 8¥%5 84,2 84,5 86,1 87,8 B8B.6 68,6 89,5 88,7 88,1 0% . 0, 499,V
250, U, An.1 83,0 ﬁiiquﬁ1WWvﬁgzlgHM§g+2__82,3 83,0  Béyq 5531 _B7,0 B7.2 88,3 88,9 87,1 86,8 0y [\ 139 ]
315, 0. 79:;5 B1.,5 81,0 B0y7 81,7 82,7 834 Ba.2 aﬁ 7 85,8 87,2 B8B.9 88,1 87.7 27,0 85,7 0y 0+ 139,3
H“Miﬂﬂ._mguul¢“‘§a,n 81,2 01,7 7978 8041 81,5 82,6 82,8 88,9 84 86, 86,8 B7,2 BF;4 BYy7 84,8 0% N, 188,08
500, 0. 78:6 79,8 all? Bo 5 8p.p &81.0 81,9 62.3 53.1 Ba,0 86,0 86,7 86,4 87,9 B?,3 84,3 @7 0. 138,4
630, 0, 79,0 8140 81,2 814 80,9 51.: 83,2 ga.g 23« B4:3 _g;as g;;e g;.; ;;i; gijg ga 2 g% i85
o a00, 0 76,9 79,0 81,3 8pta 80«0 80.% 84.0 81 378 9474 875 Pih Beyb BBy 1 ¥ - P |
;gggJ_mﬁ;g} 14’9 79.8 78,9 78; 9 ?ari, 79,1 8030 $0,2 B2y0 BR.Y. 84,9 86,9 84,8 B4.8 BEy7 B0 B _n,__jéglg
1250, 0, 13,9 75,4 77,1 TA.6 77.3 17, 3 72.3 79.5 :n_s B1i1 82,7 84,5 aa.? es.; a:.9 go. 0 O ;gg.a
. 16DD, . Dy _75.%..76,3 79,2 7677 77,7 78,4 78,7 76,9 B8pyn- 8.7 _ |
505 gf ;%ia “FBLA B8 TOVL TE.4 79.5  T9,5 "By : 1 B4y g sifi
2500, .. 0, 78,0 79,2 78,4 78V5 77,8 9.0 79,7 79,9 82:4 4.5 86T 87, §AM__ig“_*glg___iiéw_ZQL____ni____&4__1lz;?
¥150, U. 42,7 82,8 82,5 7971 77.5 74,3 77,1 79.3 8177 83.4 B6,2 87,4 83,8 22,9 Bp,8 Bp.1 oy 0. 4137,4
4000, 0, .B86,3 85,5 86,0 6B5.2 82,9 B2.0 BLL} 83,1 84,0 36:6 90,2 89,4 BB.7 86,4 62. 81,1 0 nl__1!1+9
5000, 0. 85.9 9.4 86,1 8% 3 84,3 83.5 84,3 82,1 B2,4 85,4 89,1 B5,0 83,8 BT 7RG i 0+ X‘Qf
8300, 0, _ #9,1 27,8 88,A _B7)2 84,3 83,0 82,6 __ﬁzgjLﬁﬁﬁlim#QELXJ_iﬂiﬂMAHE_lm 84,9 B4;8 83,0 80,0 0%

__-_ﬂ_:__.i
80400, 8, B5.6 88,4 86,6 B5'5 Bp8 B2,5 B2,64 83,5 54,86 85,4 B9,.0 90,6 B7,4 85,2, 82,4 79,8 0, 04 153,0
19008, . G, . 55.5_ 87,5 85,7 #%'% 82,9 B1,2 B0,0 79:5 82,2 81.8 B8,4 90,1 B7,2 86,9 82.6 79,7 __ O 0y 18343

OVERALL. 13,8 95,7 97,0 96,9 96,3 95.8 96 2_96,5 96,8 7.8 9878 10049 102, u_égii*_'ﬂi ? £3:8 3.8 193,7
PN 0, 109.3 112.5 110.0 108.9 107.7 107.6 108, 0 108.2 109;5 11170 %13, 8 114.3 113,1 142.1 1 i ' 0
PNLT. 0, 199,9 119.5 110.,7 10979 108.4 105 .1 108,6 108,8 10955 1122 $15.3 114,37 114,6 133,2 110 5 308, 7 0, 0,

Figure 134,



CLT

150" (45.7M) ARC; 90% Ng
c

QEP ENGINE "c"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

FULLY SUPPRESSED WITH HARD CORE EXHAUST CONFIGURATION

g, 1y, 28,7 30,0 40.0 50.0 6S0.0 70,0 86,0 ¥0,0 100.0 140.0 120,0 130,06 146,0 150,0 1é0.0 170,0 160.0 "
"REnN . pob_
-850, o, a4,0 80,7 an,0 BL7Y Bi.9 B2,5 84,0 B4 8 BL«R B6.5 88,8 50.8 ¥3,2 94,4 99,6 102,86 0, 0., 188,2
83, De. . 82,5 B1,0 _A0.2_ Bn.? Bts2 Bp.2 B34 B39 8830 B5.7 BB.g B9.4 91,8 3.2 96.7 9842 O Dy _1H2,8
B0 n. 82,5 B84.4 A1.6 817 B3.7 F4.7 83,% 83,1 84,3 B4.5 B7,5 89.6 92.1 93.8 97,1 96.2 0 Ge 142,47
100, 0, B2.,4 B0,6 80,6 62.1 83,4 B3, 3 84,8 B8, T 8B,2 B9.5 91,2 93.4 5.2 97,5 100,4 96,8 0w 0 185,7
125, n, R1,2 B81.6 4H4,6 Ba&.s B7.9 BB.4 90 ¢5 ¢p.2 92,3 93.n %4.5 96,2 97,5 ¥9.2 101.0 97,1 D 0. tE7,¥
— A60« . 0, .. .83.2 RE.6 BB,6 9172 94.2 97, Zéggzj4MM_AA?MMEgi§m"§QEQQW9S.7 96,5 97,7 98,4 98,9 95,3 0% 0y 188,4
200, 0, N4,z B86.9 87,7 BR.6 B89.9 £B,7 88,4 89,5 %0,1 91.7 93.1 94,0 95,1 $5.6 94;9 3.7 M 0, 1455
250 0, _ AZ.3_ 84,4 A85,4 B4 T B5.q 25,7 BE&,7 BE,4 8B, 8 90.4 91.8 %2.5 94,5 %4,3 93,7 92,2 ﬂu Os 144,08
315, o, a1.9 B84.,n 64,0 BGI BS5.1 Bs.0 87,7 B85 898 90.9 ¥2.,f U3.9 95,4 ¥3.1 ¥3.5 91,0 0, 1d4,2
40Dy 0. B3.1 B3.6 83,6 8373 B4,z £A,B 68,5 86,8 B89.4 89.7 90,7 _91.4 23L§¥#9ELQ_M*;li_AAﬂJEN_AﬂJk ,,,,, 0y LE3,5
500, a. B82.6 83,5 §6.9 B4,5 A5.4 B5,7 85,7 B5,6 87,5 B8,® 91,3 1.8 92,2 92,9 ¥2,5 BR.F M 0, 143,0
5304 0, 81,2 82,4 B5,4 8379 A3,9 A4,7 85,6 85,6 87,7 BB.2 91,0 91,7 92,2 92.4 99,6 BA,F Ny 0 L32.6
8¢, o, 40,0 81,8 83,5 83,4 83,4 83,9 84,7 85. 2 8753 88,0 91.8 92.0 91:3 90.3 90,2 86,9 0y 0c 42,3
14600, 0. 7%.,p 81.6 81,9 8474 B8 B2,3 83,4 B3I.3 Be,0 BE,9 8V,p F0.7 88,9 88,8 a?,&__gngLm_oy,"_“o. Adp,8
i60p, Dy 77.1 7B.0_ 81,0 80,5 Ap.? By,0 82,7 82,8 83,y 84,5 B6,3 86,5 88,5 87,} 8798 85,5 oy o, 1891
2000, 9, 87,4 81,8 84,1 BI,L 82,1 82,8 83,8 B3I, 8 Be,p BHe6y: 88,8 B87.4 89,3 &B.p 87,8 B5,6 0+ 180,8
_8%p, _ p,__ 84,6 82,6 82,5 83,p By.9 Bp,B 85,p B3.6 88,7 87,4 89,7 B9,2 &9,7 87,3 B, 4 B3, % gy 0. 1491
3450, 0. 84,9 85,0 85,8 £3.% Ep.8 GEp,4 64,3 B8 BB,4 p4,6 68,3 BA,1 @8.8 BG, 0 B7,1 B4,1 ov O LHQ,8
4000, g, AB8,1 87,3 89,1 B8V B6.4 B5.0 B4 86,6 89,8 89,3 92,0 90.8 92,6 88,7 87,9 B5,0 0y 0o LE4,
5000, 0., A&.9 9D.% 87,2 B7,5 B86.2 B6,0 B7,7 84,7 8Y¢e B6,p 89,8 ¥0,8 2.7 PR&i0 BE.6 82,5 0y 0¢ 155
__6300,. . G, ._ A%,4_87,7 89,4 B8R.;6 BS5,8 84,0 87,2 85,2 60,9 88,2 92;0 89,9 94,3 87,4 P2 84,3 0y 0 49,3
BUOO, o, Aa5,5 BB.2 36,2 BE.9 B4.p B5,3 B&,4 BY,7 90,8 9p.4 93,6 91.8 95,8 B6.8 90.2 B35 v 0 17,4
10¢09. 0. B4,4 B5.6 84,6 8673 82,3 B2,4 B4,4 83,4 90,0 BB.6 95.0 94,2 7.8 91.8 2,9 B4R Qv 0. 489,7
OVERALL _ 13 B_97,8_98.5 99,1 5874 ¢ 99,6 4 7 08 06.9 107,84 107,0 108,46 407,3 13,8 1314ﬁ19a,n
PNL . 111.3 112,41 142,4 11272 110.9 i1n0,7 182,1 111.7 14550 114 5 117, 2 117, o 118,5 116.0 116,4 113,44 0. 0
PNLY__ u, 114.n0 112,3% 112,44 113,72 11345 1¢4.7 112 .1 112.8 115,00 115.8 17,2 117,0 118,% 117,0 3116,4 113,4 G 0,

Figure 135,




eL1

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150" (45.7M) ARE; 60% N
[+

LONG INLET CONFIGURATION

90,0 100.0 1X0.0 120,0 130,0 140.0 1%2,0 160,0 $70,0 80,0

; ¢, 10,0 20,0 30.0 40.0 50.0 60.0 70,0 80,0

g%? a, 49,9 72.3 70,5 0. 7449 74,8 73,0 T3.1 TI48 71516 77,7 7T9,¥ BL,7 T4 87,6 61,9 0 0 E 's
63, _ 7B 71,3 6947 - Ay M3 7141 73,0 73,4 ¥3;2 71.8 72,8 74,9 75,9 P4i4 98,0 78,7 90, nJiM;Q_L“
80, u, 70.7 70.2 68.6 gy 70T 7047 7049 TD.7 TL4T TL1i4 72,7 74, 5 75,2 75.4 75.3 76,3  0a 0r 12,2
100, ... Dy . 70.8 70,2 70,9 g, 75,0 76,2 JQJAR,7a.ﬁ 1941 77,7 1§41,_1§¢§_w§g;2““124jL 78 B ABLy3
125, n. 73,4 73.6 75,9 g, 82.5 82, 3 82,4 83,3 as 5 8214 az 82,2 BJ.Y B3B8 84,0 B1.0 O g9, $8&,0
,AA_J.QQL,‘M 7.31 74:5_ l?.Lg_u,A_n_L._.,_L_&ﬁ _1_!___1__8 '9 _E_!_a _13 .LL__Q_L_..—LT_.DJE___.QJ_il_I‘_!_
200, u. 75,0 74.6 76.9 0. 78.1 77, 1 vv.n 771 7B o 77,8 79,0 80,1 B0.7 79,7 7 7.7 0 0, 131,6
e BB0 B, 25,9 I5,3_ _27.4.. 0. fw154gﬁﬁ2A41 7 a . 3296
315, 0. 76,8 77.3 76,9 0, Tée1 75.0 7640 7741 77;0 7 75.2 BD.2 BDaT T748 7747 75,7 0 D 33142
L A00w Dy 7Bsl_ 7%.4 78,9 0.  76«n 76,2 2429 F6.0 Y6yp 7529 Té3¥ PP TP MB.4- ?u.s 75 . Do 330¢7
500, 0. 78,0 79.2 81,0 0. 759 75.3 7;.3 35 g ;; N} 7; g ;;.a ;g 7 ;a g ;;.5 97«3 ;j.s 0: Be 150.;

630, .._ 0 42,4 B0,6 82,3 9. 77.3% 75,4 75,1 74.5 75,4 7 13 ﬂmfﬁgim_ﬂa_iim_?ﬁii_- Dy D, _134,4
TTBQ0, 0y B0 81,5 8038 03 78:1 7708 76,0 75.4 Teio  TALT 78,0 82,2 82,0 16 THE 00, 1324
4000, 0, B3.4 82,9 81,2 0. 7954 78,6 TT.4 76,8 76,4 7672 T84 B1.4 I9.9 75,9 ws.: 78,1 . O+ D+ 13243
1250, 0, 92,2 91,5 92,9 9. 87,2 B6B.2 B4,4 82,3 8l.4 9.3 773 81,3 7¥,8 ?6.9 7857 7748 D 0, 1394
_4800._ . D, DBé&,p BS,6 36,2 O, B1.,6 81,3 78,4 78,3 76,3 6.4 78,1 79.3 78,7 74,6 74,1 73,9 i 0o 43402
2000, 99 84,p 84,7 Eﬁpl DT 80 7 70,4 78,2 78B,& ,6 5 1700 798 78,1 B1.0 ?6.‘? ,5;1 74,2 0 0, ’.a‘fl
__ 2500, __ 0., _ A%,p 89,5 48,8 0 BS.{ 84,0 82,2 T77:% !_._¢7 78,7 Bn.¥ B81.0 80,3 JFE.F 7854 72,8 fy 0 1,3_7.;2
3150, e n4.3 85.8 47,2 N B1.5 &p.,6 T7B,1L V5.5 Tb.4 T74.2 77,0 AB1.1 78,7 74,9 7E,8 73,9 0% 0 434,86
_ 4800y . D, . _AB,2 Bg,6_ B9,B_ 0. 85,3 77,3 80,3 7.4 V5.2 4.7 77,2 77,6 _78.6 VB, 5 74,6 711_ﬁﬁﬁnl¥,,"o. - 436,80
5000, 0. 57.2 86,7 87,1 0. B3«5 B3,6 B2,4 76,2 T5:4 73.0 75,3 76,1 25,1 73,7 Y 71,9 0y 0, 13542
_.B3%00, . 0,. B5.3 B7,1 89,58 HJ_ ﬁﬁJ1__QJAQ__gﬂAQ_hZQ_E__z_xj__114$m,_&L____1“1___1Ll__iiul_ﬂjhjLﬁ_}Jl D0 13848
8000, 0. A5.5 87.8 86,2 87 B3.0 79.7 79,5 75.4 75.5 73.1 78,3 81.5 79,2 TF7.0 F4,0 1.2 O 0. 137,12
10000, . _ 6. B2.3 mﬂ4.a__aﬁJ;___n;___ﬁl4ﬁ__1a41__z§4§L__41ui_m11x1mﬁ11J;4,2511 T7.2 75,9 l_in JP2.0 63,0 0.0, _136,0
OVERALL . 13,8 98,0 _98.3 99,0 13'8 95,3 94,3 92,8 1.5 91,8 9ny? 92,2 93,7 94.0 91,7 91,9 90.3_ 13:8 13,8 148,8

PHL, 9. 111.1 111.57112.47 g, 108,7 106.8 135,5 103.0 103.4 102.5 104,5 106,2 105.3 102.5 101, 1] 1003 0. 0
PHLY D, 113.6 113,56 155,50, 410,9 109.6 17,7 104.6 104,8 103;5 105,2 107.0 106,1 103,.0 1049 103,70, 0,

Figure 137.



PLT

FrEp
50,
63,
8n,

Lo,

125,

1éa,

?UU;

230,
315,
_Ang.
560,
E30,
800,
. legg.
1250,
_1600.
2000,

. 25680..

3150 L]

4000,

5000,

_B30g. ..

8onn,

40000, ..
1

OVERALL
PlL
BHLT

16,0,

75.6

79.2
7746

7&.7
9. 2
7?.1
78,9
78,5
78,5
N
A0.5
30.9
7,2
A%511
fBb.8
6.4
86,9
0.7
0.5

.%2.0 ..

F1.9

893

87,5

BLERY I

11,5

25.0

74,7
76!3
78,6
B1.8
£1,3
8p.8

Gp,4__

79.4

81,3

81.2

_B1.4

87.5

86.4

87,5
98,3
87.9

0.2 .
94.4

3.7

0.4

90,3

103.0

75.6

9.4 __

R, b

QEP ENGINE "
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150" (45.7M) ARG; 70% N

c

LONG INLET CONFIGURATION

30.¢c 40.0 50,0 6c.0 70.0 &G.0 90,0 irg.o 140.0 120,0 130,0 140.0 150,0 160,0 170,0 180,0
75,2 76,5 74.6 74,3 75,0 75,5 7by7 76,7 79,1 B0,1 82,3 83,2 86,2 88,5 Oy o _—53,5
T6.9 _76.0. 76,0 75,0 75.9 75,7 76:6 77.4 ?9.3"_9931 82,0 82,4 83,8 85,7 0% 0s _132y5
75.3 74.8 74.8 74,3 74,2 751 75,7 76.2 78,4 7%.7 B80.8 82,9 B3,9 84,3 0. g, 154,8
77,6 78.% 79,4 78,9 79,1 8p.9 81,4 82,2 83,7 84.3 84,9 86,0 87,5 85,4 0 _43648
a3,9 81,6 BR7.8 92,0 92,2 9Yi.6 87395 87.7 91,7 90,4 88,9 88,7 P0;% B87,% D ‘o. 193,82
.62;34m&4;1Y;§5454 E6,8 B7.4 B7.4 859 Bh.4 88,2 87,8 87,8 87,4 86,7 85,8 0 0 4140.1
81.6 81.9 6&2.,7 £4.9 82,0 Ap,8 81,4 B2.,2 83,7 83,9 84,9 84,8 83,0 83,6 0. De 15648
81.2 Bp.9 81,5 79,4 79,8 #&p,3 80,5  Bp.8 82,3 82,5 84,0 H3,3 82,1 81,7 0. Ug,ﬁiss,g
81.2 Bi.2 &4.2 Bp.d4 B1,p @z2,i 81,7 62,8 84,0 54,9 8%.0 83,86 82y) L2 Os 0. 186.8
81.3 _B1.5 82,6 k2,3 80,0 1.0 B8a6.6 89,7 B2,7 B82.1 82,9 82,5 82,3 81,1 0, n.,miss,ﬂ
85,4 B1.5 B2.6 79.2 7%.1 79.6 79,4 80.1 81,8 B1,8 82.8 82,9 81,8 B0.2 0, 0. 4135,%
95,7..81.7 Po.4 78,2 77,7 78.7 78y9 8p.0 6.7 82,7 83,9 B2.6 89,5 79,5 0s 0. 438, %
3%,9 85.7 &4.,a4 Bn,2 79,3 78.% 80,3 Boye 83,2 B5.7 84,0 83,7 80,1 7B.2 Oy 0 13&;
Ba.0 23°p 82.p Hp.y 78,7 78.4 99,0 B0.0_ 81,7 B4.,4 81,2 99,86 79,5 76,9 Dy 0, 435,0
39,5 84,7 8S.0 F3,7 B1.9 80.1 78+4 78,8 &p,3 82,7 80,0 TB,7 781 B D 0 137,0
94,9 97,2 96.4 58,5 93,2 B8.7 B6yy R2.7 84,3 B85.8 92,8 B1.8 B4,2 82,3 ' 387,38
886 B&.4 Edyo B3.9 61,3 Bged 778 79.3 B2.2 7%,V Bi.Aé F%.z ?% £ 77,9 [t . 137.4
9 88,6 B5.68 B30 »9 102 62,9 B3.1 84.0 79,3 7&;1__1QLL__ 0. o0e. 4394
9% % 5fJ§ 87,9 BB.5 84,2 63.2 83,2 Bp.2 B0,9 B4.1 B1.2 7B.6 T80 79,5 0 1#1,8
92,2 95,7 B7,1 Bp,% _B2,7 B1.6 7Byp 7B,7 8p,? Bp,% B41,2 79,5 78,1 75,9 ﬂﬂ (131 1‘013
90.5 9177 89.3 Bg,3 B7,1 B2.3 Biyg 77.2 7TB«6 79.3 77,3 F?.? 9556 7642 Y 0> 3!1,!
91,9 $177 8S,p 87,3 B84,B B4,4 Bigd B0.i B1,% B2.6 79,6 FB.4 FPe4 7601 O Do 182,08
a9.0 BR.7 8&4.7 83,5 83,6 Bp.B 7936 76.4 81,5 85,4 85,8 79,4 76,86 75,2 0, 0 140,¥
86,9 B87.4 B3I,5 B> % 86,8 79.2 7Fq4 74.9 77.,% B0,4 7.9 76,9 74,9 72,5 0O 0, 139;8
102.0 10479 100.5 104.5 98,7 97.0 95,4 95,4 97,4 97.9 97,2 96,6 98,9 96,3 138 43.0 153,8

114.7 116.4 116,90 11570

113.7 114,2 110.9 108.3 107.5 106.1 108,0
117,9.119.9 118,41 11879 117.6 119.2 114,8 111,2 13051 107,3 109,0 110.9 108,4 106,5 106,7 107,0 0, 0.

Figure 136,
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GLT

QEP ENGINE ''C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150" (45.7M) ARC; BO% N
c

LONG INLET CONFIGURATION

0y 13.0 20.0 30.0 40,0 50,0 60,8 70,0 80,0 90,0 100,0 350,00 12040 130,0 140.0 150,80 160,0 170,0 180.0

FrEq
7 Bg 0, 77.0 74,7 78,0 785 7,7 78,8 79,8 80.6 Biy7 B2i2 BY«F B5.4 B&7 BB.3 93:5 94,9 0% Be zigfi
63 o~ 79,2. 79,2 79,7 7877 7945 79,2 8040 79,7 81¢> 81,9 83,6 'B5.3 85,6 86,9 ¢0,4 92,1 0% 0o 137:%
80, 0, 78.3 77.3 79,0 7701 78.1 78.0 79,1 78.4 80.5 9174 83,5 B4.9 B5,7 87,4 90,6 89,% o0« be 4370
160, 0, 78,9 7H.3 79,3 79./5 81.6 84,1 81,4 83.6 B4,5 A5,4 B&E,B BT, 90,4 91,0 92. 9140 O Ge 140,%
125, %, BO.1 73,6 83,9 B5'4 88,2 57,1 59,5 98,5 88,1 9070 91:2 91.F 92,7 ©3.0 9456 92,1 0% be 14376
160, G, 80,6 81,3 85,8 8711 A&a.n 88,7 89,5 BB.1 88,8 8950 91,4 94,6 92,4 92.2 92,8 90.5 _p, 0r. 333,95
200, b. 1.4 B83.4 83,9 B5I3 85,4 85,3 84,1 84.9 85,6 84,6 B8,2 BB,5 PB¥,2 89,2 88,9 89,0 0 Oe 140,4
250, 0, 31,2 B2,8 82,9 B2./8 83,7 84,7 B4,4 84,3 8336 85,7 87,3 66,8 BB,) B8B,3 87,3 88,0 04 0e  139,3
315, 0, 9.7 82,4 82,7 84,5 83,0 83,9 85,5 85,0 8652 8772 87,7 .88.6 &7,% 67,3 86,8 Bo.g 0 0. 137,9
400, 0. 84 19 831.3 3135 82;r5 83,4 B2,1 83,1 33:4 85¢t 83,1 B&y2 87,2 87.2 8‘7;2 84,7 84, ¥ O_:__138|_a
500| Q. 3212 85,2 85.7 A9, 2 8909 86-2 36.8 3713 85:9 szﬂ 3518 87-6 BB[B 8?.6 8?.5 a4l5 13 O+ 1‘1;3
630, Q, 96.1 92,8 93,4 99,5 89,8 85,6 84,2 83,9 8451 85,4 86,9 86,8 86,3 B8 B7,4 B4,2 G: 0. 144,86
800, - 0., 95.1 95,8 4.6 9171 95 1 93,3 94.1 90 6 35*1 asv4 92,7 1.2 87;1 3 88,8 B&, 2 0. 0 148,7

L A000. N %42 93,0 BBT4 9. B2 aa.s 86,5 8 ss 84,7 83,0, 0% Qs . 183,58
1250. '_ .6 9 GELD 91.5 a7, 5 B? 2 86. 36 7 8577 33 ) 35.3 83. Il 82:2 0 0 142:4

1
ﬂﬁl_w_nﬁu V4,4 100,99 %7.4 © 92 89,7 B5,8 3 Bs_?ﬂmas 4 L%wW%%Li__Eil%*_ B_M_QJN__ﬁaj_mlﬂbls
10%.0 1020 96.5 95! 9 B8, Do 0r 18048

3.5
95.2
000 0, 97.3  99.3% 74,0 8949 55.1 3
_B500u_ N, _ 5427 32L9m<95,1m_94fa 91.n 90,3 BRB.B §4.9 85.3 B4.5 B5.6 34 a 51.3 83,3 8LQL,AJM o bs . AR348
5.7
93.7

3150, 0. 3.7 4.4 92)9 BB.y B9.5 85.9 34.9 8434 82.3 8,0 85,3 82,3 81.% aa 5 81,1 s G 14249
4000, 0, 95,8 93.7 35,7 9405 91,8 Bsx,.6 86,6 86,4 B3I;5 BIV4 84,p 94,3 83,8 83,1 82,5 BG, I 0% 0. 154,32
8000+ 0. 4,3 98,5 93,0 93/ 89,8 90.3 BY.0 84,7 B84¢6 B(,7 Bl.t B1.8 B046 84,3 79,8 79,4 e. 0 1d34yp
_.8300, . 0, 91,9 92,7 94,2 940 91,2 89.9 87,8 87,4 85y9 A2;4 B3I, 2 82,7 B445 80,6 80,5 78,8 L0+ 1844
Boop. 0. 91,4 93.5 91,0 91,8 87.7 85,7 84,4 54.5 8347 81,2 63.4 B4.3 B1.7 8p.7 78486 77,7 u. Br 1434
40000, .0, . A7.p. 83,4 37,6 90’1 B5.4 84,4 83,5 82,0 81,2 77.% 60,4 B83.8 82,4 4,5 7850 76,3 0, . p.__142,2

OVERALL 13,8 145,0 106,31 108,6 1063¢ 103.6 102.4 103,0 100.7 99:3 9912 €£00.9 401,1_103,1 181.3 102;1 103,86 13:8_ 13,8 197,3
PNL 0, 118, 5 119.3122.3 120,73 116.7 115.7 118,4 {13,9 11157 110,0 131,7 111.87110,% 130.8 120,2 109,5 0. 0y
PNRT 0, 120,31 121.1 124,6 12274 118,9 117,9 119,46 116.1 1432 ?11.2 1313,2 113,0 110,9 130.8 110,2 110,5 0. 0,

jH

Figure 138,



9L1

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 90% Ng
[e4

QEP ENGINE "C"

TONG INLET CONFIGURATION

o, 10.0 20.0 39.0¢ 49.4 Sg.u0 60,0 70,0 80,9 9d.0 100,06 110,0 120,0 136.0 140,0 15¢,0 160,0 170,0 1B80.0
_CFREQ . : —phL
505 0, @0.6 B0.3 79,7 0. 82.7 &3,1 83,8 85,7 8649 86.6 B8 8 90,8 93,6 94,2 1805 102,5 0. D 155;*
. 834 0., . A1.7 BN.5 80,0 @) 83.2 82,4 84,3 84,1 B634 83,7 88,0 90.2 93.1 9%.4 97,7 99,8 9, 0. 1%3,7
89, G 32,7 81,1 82,3 U: A3.8 85,7 85,6 v4,5 85;7 B85.7 B7.6 0.7 934 93|0 ?7.3 9Q|3 O [ B 1‘3;1
100, Qe _.AL.9_ 79,4 A0, _n. A83,8 64,3 85,2 B6.8 BB,3 BS.F Pi1,8 92,9 95,6 97.4 101,1 96,5 04 0. 148,9
125, 0, B2.2 81,7 8%.2 g. BBs2 89,4 9045 1,2 92,7 93.4 94,4 98,5 99,2 98,8 182:2 97.%4 0 0: 41ABy4
_..1%0.. 0. A2.7 Bé.4. 9@. -0, Q¢ 9xS4 93,3 92.9.. 93,2 94,1 95,9 96.9 98,7 98,5 99,7 95,58 9, 0, _ 448,05
200 0. Aa3.8 B6.5 d7.7 0. 90.4 Bo,8 89,3 89.1 9,5 91.2 92,1 ¥4.0 95,8 95,7 95,% 93.7 0 0. 1456
—2%0.....0,. 15,8 B9.6 26,5 0« 8 8 9 0 ? 94,0 96.8 94,5 95,7 93,9 9, 0o %8
315, 0, BA.? 89,8 88,7 . 8702 B9,2 91,2 2.0 92 5 94,2 92.0 94,2 99.0 94.8 94,0 91,9 D 9. 1H5,
_A00s ... 0y . 4.8 91.2 94,7 a8’ 99.9 105.4 ga 5,3 194 a 5 1nz.1 1 a! 1 sz i_. ; 5 95,9 92,9 n. 0 _ 1 ig
500, N, 98,7 94,4 1.9 0. 99.9 104.3 97.2 .1 9650 7.6 95,5 55,4 0. 1%0
630. N, _ 91,3 91.8 97,3 0. 100.5 100.7 99 3 qa z .97L5 94 1 96.2 93 a 96 9 94,9  93;1 9344 a. 0r 151s0
809, 0, 24,1 93,5 94,2 07 96.4 97,2 93,1 92,0 91«5 89 9Y2,§ 94,0 94.2 92.6 91,7 BB, T O b 14744
1000, 0. 96.2 95.5 97.0 _qv _ 97v5 97,4 96,6 91.4 92,4 91,1 %0:¢ 92.3 90,7 20,7 99.9 88,8 D 0o 314750
1250, 0, 94.% 95.4 94,9 g, 97.¢ %7.6 96,5 91.3 90,5 0.2 8%,4 91.1 90.% #B,8 89,7 85,9 0, 0+ 3A7¢6
_AB00. 0y 9341__94.5 9744 0 ?5.9 98,5 94,4 99,3 B8B;%5 B8.,1 87,2 B2.0 90.1 55|3 59‘!1 86,8 0 Ne 446+
2000, 0 27,4 100.8 10G.3 g 96.5 93,4 93,3 %3.5 B89.4 8%,z BF,2 86,9 90,2 08,7 8§,2 BB,2 0 D1 18749
. 2500s . _ 0,__.97.9_ 97,4 _97.8 0y  93.9_ 93,3 93,2 %0.0 91,1 68,7 B9,s 87.7 86,5 BB.3 €8,8 85,5 Qv 0, 148s8
3150, 0« %4.2 95,6 %6.2 p. 92.5 92,6 99,5 89,0 90,5 B5.2 B6,1 88,0 86,7 B5,8 BB 861 Dy 0r 18541
“__uuud iy 96 94,3 97,8 _ 0.  %4.,n 89,2 90,1 89,9 871 86,0 BF,0 87,1 .88,6 B%. z; 83,% D5 0. 145,48
5000, uf_ 4i%’ 98,5 84,0 0. 933 92.4 $176 B7,3 AT7¢6 B33 833 85.2 84,2 +7 8311 0s 0o $Ad+H
6300, . G,... 92,2 91,8 94,5 07 93.5 91,8 8B.6 &7.5 B6e6 B4V6 B5:5 B6.3 87,0 85.4 86 3 83.% O 0, 1!4:9
B200.. O, 9p.2 92.6 91.4 0. 69,6 89.35 87,3 85.2 86,7 B82.4 B3,y B5.3 83,2 33.g B3, 2 Bp,2 s TR LE
100040, 04 16,3 87,8 88,2 .Y _BB.p B9,7 B4,6 B2,4 83,6 B2,3 84,4 87.4 85,2 53,8 832 8Q.0 D 0 1A3:86
OYERALL 13,8 106.% 107.3 198,1 13,9 108,5 14n,0 308,% 3107.,7 10631 10672 106.9 4106.8 107.9 407.7 489,35 108,080 15%8 43,4 1618
PNL 0. 12p.1 120.7 121,30, 119.7 120,0 119,2 117.8 146,5 116.0 116,68 118.3 116,95 136,09 116,44 114:3 0. 0«
PN, T 0. 1R3.1 122,4 122.7 ¢, 520.7 124.7 124,0 119.8 14746 147/1 118,2 117,F 117,86 146,0 116.4 115,% Oy 0,

Figure 139,



LLT

QEFP ENGINE "C"
1/3 OCTAVE DATA CORRECTED.TO STANDARD DAY
150" (45,7M) ARC; 60% Nf
B

ONE SPLITTER INLET CONFIGURATION

- ¢.713.0 2e.o 0.0 46.06 56,0 6G.0 70:0 B0,0 96,0 t0p,0 10,0 120,60 130,0 140,0 158,0 160.0 170,0 180.0
- FREg . - . g : ; :
50, 0, 72:9 78.4 75,9 7630 7649 75,8 78,9 7847 6,8 77%5 79,9 B2, 8 Beu8 85,7 85,8 84,7 ¢ 0. & s.
83 D, 74,1 74,6 74.2 7475 7.4 79.B 7841 731 TELi YIS0 78ip 76,1 25,3 T7.0 OG0 79,9 0. fe 198,08
ap, 0. 71.4 72.5 7? E 70l 70+5 Tp.8 Ti.7 T7i.4 72.5 73.3 74;3 74,5 IB,B 77.5 ?7.6 TH. 4 0 0 127;1
L A0Qs . _ D 2147 72,5 7 2. . 9 .7 .78 w9 Bly1 803 7
125, 0, 72.3 74,9 7 78 1 7976 B1«4 B5,0 | W2 86‘2 8174 B33 B35 84,2 ¥4,3 E&¢ Byl gy (88,7
16D D, 73:0 75,5 77,4 7€ 79s4 8n,1 81,9 BB B1,1 Bpy8 83,8 82,8 82,9 B8F; Bgjs 799 0
200, 0, 75:1 76.6 76,1 772 76.8 77.2 77,2 76.% 77,8 78V9 79, 9 B0.2 79,3 79,9 7742 T77.9 Qv 19448
250, 0y 75:9_ 74,8 74,3 7X.5 748 74,6 74,4 73,9 75,8 75.8 _77;9 78,3 28,0 ¥8,9 9740 75,8 0. g. 9,8
315, 0, 76:1 76,6 75,1 74,z 74,8 73.8 75,6 7609 V7y8 7758 7%t BO2 2P0 BBLY 95,0 75 5 py 19138
460, 0. 75.0. 6.5 76,1 7372 74,8 72,7 . 74,7 5.0 FSey 7547 7738 7Bi0 7B ¥FiL i :
500, 0, 75,7 77.4 78,0 7473 73¢6 72,9 7437 74,6 74,7 T4i5 76,7 77,0 27,9 78,9 va.e 75.5 i 0r 4298
630, . Bp,1 79,9 79,2 76;7 77.0 74,2 73,2 74.0 7543 75.2 78,3__79,2 _an 2 ?a.a 7%, 3 74:0 04
BOD, 0, 86,0 BE1.7 81,1 7702 7B.0 74,8 74,8 Tdi1 V0.2 7?ﬁa 808 as;a 8133 F6y9 7439 72.8 Qv 1828
_.ipof. 0, 82,5 82,9 6B0.4 PETI Ts.n THP Y4,0 76 by 79:0 8 5.9  Fi ¥2i 5 :
- 1250, D,  91.2 90.8 89,3 B&T6 BS,p Ey.9 81,0 78,2 77:0 7770 79.2 ao 3 78.3 77.2 9531 74,6 0+ 1!?,1
__1§n34____n§4ﬂfﬂi{3_ B4, B Ha, 1 7974 79,3 _114n__154___1142_m1533wﬁ134§ 3 9 15249
2000+ o, N4 4 83,9 83, 2 ByT5 T8,z 76,0 77,3 V7.0 T840 7672 Bod 75 '3 an,% 4.3 P& OTEY Oy 0, 4834
2500, . B89ip_ 89,7 86,8 B4Y1 B1:7 A7 7B'7 Td4.6 7648 27:8 @ 3. - 33 7 i &4
3150, g, 95, 1 86.1 84,1 79,6 7B.p T76.1 73,2 73.9 Téd,0 T3 8 7740 Bu 1 77 3 74,9 72i0 72,9 O« 0. 433,2
4000, 0, 86-9 85.9 87.2 B775 Bi9 75,0 ?a.s 73.% 7248 73 & 780 78_ij7B;D_ P7.4 73:2 7086 0, 0. 4i34,9
5000+ 0, ~88l4 68,9 85,5 8436 R0,2 Bo,i 78/0 74,4 73¢9 7292 758 Téi0 T3, FI0 T 79,2- b4 0, 135,93
: LTHS _B7.1 8Bi4 8539 adwa 82.5 79,6 78,3 i 7744 Bii6 84, s 80,6 7858  75{ ni‘ 0s 4
apoo, 0, 86,3 69.¢ 85,4 87,9 &1,3 77.5 78,5 76.4 T5y2 13,0 78,& 81,3 78,% 78,1 73,4 71-0 0 1874
10000, 0. ﬂLj*ﬁLi__LimEﬂiﬁthﬂ4b__l4i_lL2_lﬁiWl&iM_Li_lLl_lhihmhiﬂghl_~4i_4hm
QVERALL 13,8 97,8 98,3 97,0 9413 93,3 9v,4 03,1 92,5 9l.4 90i5 93,6 94,3 93{4 935 5.9 ‘
PNE 0, 111.0 111.6 110.4 10775 106, 2 104, 4 103.3 102.%4 t04:7 10270 $0%,2 106.6 104 1034 180,66 9946 @i 0
PNLT . D. 1434 13%3.9 112,7 10%.7 108.7 106.2 105,3 103:6 102,8 102.7 106.,0 107,6 105,# 103,4 101,31 99,6 0 0.

Figure 140,



8LL

QEP ENGINE "'G"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 70% N

c

ONE SPLITTER INLET CONFIGURATION

Fat 0. 1n.0 26.0 30,0 A40.0 S0.0 60.0 7Y0.0 80,0 98,0 100.0 1¥0.0 120,0 13p.0 140.0 150,0 160,0 170,0 1B0.0
REg . e — p¥h
540, 0, 7435 74,3 74,5 7816 74,2 6.0 15:7 £7.0 77y2 78,2 79,9 B2.2 03,5 B4y 87,5 89,6 Ov Dy 33444
63, 0. 77,7 75,0 74,1 75¢4 76,7 T7,4 FT.2 FTyy TR Biwd4 82,6 02,8 83,5 08,7 07,4 Dy 0 483,86
a9, 0, 75;6 74.1 74,0 7378 74.0 74.8 75,0 76.0 7éyp 7T?.5 79,4 80,7 B2,2 65,9 B5,5 85,4 01 0. 482,8
A0 O, 18! 3 75,4 76,1 77.4 78,6 79,6 80,4 83,7 B2yp B3IV B4,% 84,7 86,7 87,4 B8;7 86,9 9, « 437
125, 0, ?7:2 31,9 B2. 4 52?9 B0 93,2 - ?5;7 24,1 3913 8737 94,8 91.5 95!41007 2:2 B9,7 1] Qs ﬂ.;"7
160, 0, 76.8 B0.1 83,1 ©3:,9. 84y2 BAa.4 B9,7 88,4 D67 §5V9 883 B86:7 68.9 BB.H 60,1 87:4  De Os.
200, n, 79,3 62,1 81,3 82,8 82,3 6¢,6 83,7 83,5 82,5 B4,0 84,4 85.8 85,9 86,5 84;4 85,0 0 0. 137,3
250 0, . 79.2 80,9 80,2 80Y4 79.n 79.2 79,5 80,3 60,5 B2.8 63,3 B83.6 85,0 84,5 82,7 83,3 0, 0 158,7
315, 0, 78.7 80,7 B8D.2 B80:4 Bpo.1 B0,2 831.4 82,0 B82¢3 84,3 84,8 85,9 86,1 BA.0 28392 85,7 09 0s 436,80
__ 400, 0, 79,3 81, ; 7 s0__Bo.6 8 81, ; 2;2 82;6 B83;8 B4 63,9 B3;4 B1,7 P 35,
500, G. B0.5 81,2 82,2 79,5 796 B0.0 80,1 B0.6 79,8 61,4 62,5 B2.6 83,6 B4,y 62,8 80,6 D4 0: 138,4
630, 0, B1:6 83,1 829 81%4 B4.4 Bp.0 B0,5 BN.3 79,5 #4135 82,9 83,8 84,7 B33 68231 8 i s
809, 0, B6.9 84,4 84,6 8472 83,3 82,2 79,3 79.6 8lyi 8176 83,7 86.6 84,5 82,0 30,8 79,5 0y 0. 18%,0
__1ﬂﬂ£¢____ﬂ+ﬁg#£1¢17ﬁﬁ7 amAmiuL_j24i .1 241__13J3,u2ﬁ4ﬁggﬂnjz ﬁzgiuuﬁ_Aa__ i 1 __406,0
1250. 9, A7,8 B6.2 86,9 8279 8Q.6 B0.4 79,3 7B.6 7749 7970 79,5 79,3 78,5 78,0 G 0« 435,8
_ 1600, 0, 94,6 99.6 95,9 9272 90.8 90,1 88,9 86, a 82,4 B83.6 33.3 Eb 9_ B6,1 83.6 80,6 83,3 04 0s 184,8
2000, 0, A7;1 B8,2 87,1 B376 Bi.8 79,6 79:2  78.5 77y4 7957 BL,§ B0.3 B1:8 80,0 ?8i2 78,2 ¢ 0. 136,2
.2500, Be. ﬂn. 89,4 B8B.7 B&YS 82,8 Bp,8 79,4 7.7 99:4 80.7 62:¢ B, 3 80,7 P9,4 T8;3 75,3 0 01WA1$7g?
3150, 0, 92,4 93,2 90,9 B9'2 B5.5 84,5 81,4 82,7 B0:7 B80.2 Bo,6 84,1 80,7 787 779 79,2 04 ¢y 1R040
__ﬂﬂ.ﬂ_ﬂ_l_ﬂg___l_nﬂ 39-2 9n.4 6B7.% BE,8 79,6 88,5 V8.2 7741 ?8':1 Boeb  B1,0 81,5 79,7 ’?8.4 7513 ] 0 _.1,35;7
5000+ ¢, 94,8 93,7 9.5 9133 85,8 84,6 84,5 79,8 Teiﬁ 775 77,9 79.6 7723 T840 75,7 75,8 0. 340,9
83000 0, _ 9034 90,4 91, 15 9 __8p: i i 1Yy _ 0. 483147
8000, 0, A9,3 91.4 87,7 B974 84,7 B1,7 82,1 79,6 79, 1 7777 82,0 86,9 83,2 81:3 773 75,7 0 o. id1,2
00000, _Pph__ AZ.8.__88.4 B87.3.8970 84.6 B3I .2-.ﬁ142__1241_m1_4JL__15*2ﬁﬁ114§ﬁ BG.7 79,1 8.2 75:2 72,5 {0, _ 44048
DYERALL 13,8 101.% 103,4 101,3 10370 97,7 98,3 99,0 97.7 95,5 95,8 97,5 96,8 98,2 97,9 m§41__2142__1§4___134§,15;.0
Pul, g, 115.8 116,5 114,3 11374 11¢0.8 100.5 108, 8 407.6 10643 1065 107.8 1069.9 108,4 107,2 1n¢.1 105,80y
PMLT 0, 118.2 120.6 117.3 114574 114,0 112.9 322,0 410.4 107,8 10779 108,7 111.6 110,2 108.5 106,8 107,5 0i o. .

Figure 141,



GLT

QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150° (45.7M) ARC; 80% N,
C

ONE SPLITTER INLET CONFIGURATION

9. 10.0_ 20.¢ 30.0 40.0 50,0 60,0 70.0 80,5 96,0 00,0 10,0 120,0 130,0 140,0 58,0 160.0 70,0 480:0

FREg
50y 0, 77,7 76,9 77,7 77“5 7743 7840 79,4 80.6 183!6‘ 5137 B3:8 an,? 87:0 B9 T50 95,1 o, 0’ '153%9
63 0. 2828 - T0.2  72:7 ik TBoS  F9.9 79,3 $0_ 8270 BRGE _ 860 B7.2 9040 9X.é ‘ ¥
ap, 0, 79:5 77.0 77,3 75 6 775 4 T7.5 79.3 78,5 8015 51.5 83,7 &4 5 85.5 57.3 89,7 89,9 ur 0 136 3
100. 0, 78,5 76,8 78,9 79.7 Bg.? B4,) B2,6 83,8 85,4 65:4 87,8 88,6 90,2 91,1 9239 93,5 0, 0i 1¥0}4
125, 0, 79i8 79,3 84,4 8479 BB«i BB:T 90,0 8992 BBy4 %075 9134 924y 933 93:8 #a.z 9548 ov 9. (43,9
i7_ 82,1 88, 5. BAyE _Bo.4 BH.9 B8:0 #9.¢ 9oip M. :? 90:5. 0y D, 163,46
200, 9, B81i7 82,9 83,7 84,6 B84s8 04,9 B4,6 B4,B 86,2 B6,9 BBV 87,7 89¢1 9.2 89,0 88,5 0, 0+ 140,83
250, 0, 80,9 B33 83,7 81:6 02,6 B>,2 B2,9 BI.4 A84y9 86,2 87,3 B7,7 B8;4 89,2 88,0 87,2 01 9
315, 0, 80:9 83,4 84,7 81,9 B8I,8 B3.2 669 BBl 86,9 8679 BEyR 8747 Bﬁa' B8yg 8739 8644 0O 0+ 160,2
494, 0 B =g : =% pR.fa o BAED Bhip  BS: ! ! 73 84 g 85,3 0y 8

P 1 . B A g : - K i ) _
500, 6, AB,8 88,8 85,7 89,8 82,6 83,0 36.7 83.7 85;0 89,9 37.1 g&;? 86,8 8?.2 888 ga;a 0i 0+ 1¥p,?
9 8579 8 8 Y. i Y

630, i 99,0 94 : : ¥~w—§+3~——34§———£1————34——*4n+1
809, 0, 94,8 91,3 868 8920 9249 88,0 91. 91 T 91%3 89,p B9:8 av.e B6i2 85,2 85,4 ¢, 0y 14,3
N P 96.9 83,2 ?n12ﬁ*ﬁﬁ4jLA§ﬁliﬂﬂgﬁx_m_§§1§¢__ii§__§§i1__§4“# B0 B7p1 B4.% 8553 5433 B3, -

1250, 0; 92 7 %0.2 91.1 8576 85,8 84,0 B3,7 B3y1 Bt«9 8272 83,9 84,7 B83;2 Bd;p 52i9 B2,2 [k ‘ O 139,’
1600, fl, 96,7 98,3 99,7 9471 91,9 BA/F 86;9 84,8 83,9 8370 B&,f B4.9 B30 @3,3 82,9 83, X 04 04 144
2000, 8. 98.1 100.1 102.9 9374 94.8 95,5 88,9 86,3 853 8504 88,3 85 ;0 85y3 BOig BE40 B&J 07 0 1A7yB
L7 94, oxl - | . . B4 ; q # g 79.2

. BB5D0. @, 94,7 : ; __B2.0 8.9 B ‘
92.% 93.3 91.% 8972 84,0 85.4 B1,B 82,3 831 BLT1 830 55 1 B2.,1 84.4 50.1 81,3 O 14048

3150, :
4000, 94,7 93,2 94,7 9077 89,9 61,8 B4,6 B83;9 82,0 8272 84,0 53.9_ B3,9 83,2 B0 8p.L . 0% u. 142.!
%000, r 94,9 35.4 31§2 9270 8740 882 87,1 24.0 asfg 8071 gz% 8o.8 B80y1 0.4 :#;1 796 0 00 14248

0

i}

: 0

6300, _@© ‘ : . . 2 B4 ,

8000, ¢, 90.2 92,2 90,0 9.5 84,1 83,4 84,1 as 1 Ba 4 BD/S BA.0 84,2 82,8 80,3 VIi# 77,6 Qv 0. 142,3
10000, Q. BB.n 89,7 89,3 9¢73 85,n 64,4 B83.4 81,3 Biyi 7By2 83,3 84,2 83,3 81,5 7834 T6.4 0, De 142,46

3

0

0

:

OVERALL 3.8 1§5.0 106,1 108,7 19234 10i.8 99,6 99,9 99,9 @9, N 1) 19 104
PNL. . 118.6 119.4 120.5 11574 114,9 112,1 111,6 110.3 11073 109;7 111:% 111:4 110,7 110.4 189,5 109,44 0 0.
PNLT L 419.6 121,9 123,6 43771 117,5 144.1 114,83 113,2 312;3 11137 £14,% 141:4 130,7 130,6 10%,5 110,13 Di il

Figure 142,



08T

QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 90% N

c

ONE SPLITTER INLET CONFIGURATION

i 0. 10,0 20.06 30,0 40.0 50,0 60.0 70.0 80,0 90,0 100,0 1%¥0.8 20,0 130,0 140,0 156,0 160,0 170,0 160,0

— gEgQ i g
50, 9, 91;9 81,6 B0,6 B173 81,6 aa.a 33,6 04,9 8330 BATS B9.5 90,6 FE.0 Y4, 18 10248 29 0y 4094
63, o) a3tz 83! e1li 8q¥2 81l 81(8 828 83,5 84y 84l 890 90ii 9auk. Ty 3 s o nﬁ‘.issiﬁ
8Dy 0. R3,B B3,4 80,7 8071 B35 84 % 83,7 83,3 85+5 8576 89,4 90.5 920 94,8 96,3 96.? oy 0 18,0
100, B4 A3y1. B1.7 81:8 8271 83,8 63,7 85.8 86,7 89;p 8579 94,% 93,0 95,3 971, g_l_g,g 9731 My N 185,8
425, 0, 83:1 82,8 85,4 8577 88,3 65,1 %0.1 1.2 9293 #2y2 9553 96,3 9741 109.4 33 9F, & 04 o 18843
160, D, A4.,9 88,6 9p,1 9n¥3 90,9 93,10 928 92,4 9249 9309 956  97.0 98.3% 99i8 19 96l g% 04 87
200 g, B85.1 B8B,7 A8.2 897 3 90.0 BB.9 BB,9 90,0 ©0.4 O91:8- 92,8 93,9 95,3 969 9519 94,1 0. 0. 149,%
___85,9 38 86, 8B,o £9.3 89,7 89,3 90,0 9170 92:4 93,9 94,2 95,8 93,9 93,0 - Op 0 8.8
315, 0. Bdy1 88,8 858 ae.s S0z 89,1 89,2 89.3 91i2 9007 U1/B 93T 314 94! 93§Y 92,0 07 0 48%%
400, D0, 90i0 93,6 96,1 86%4 9242 101,0 1031 96.9 95¢0 06v6 92i7 96,8 95:3 Phy .0 929 0 n: 481.4
500 0, 93,8 96.7 90,8 96:1 97.8 89,7 94,0 93.8 93,1 95,5 946 91.9 94:2 6,9 Va0 98,0 Di 0. 18,8
630, 9, 91,2 90,9 90,4 8875 8954 99,3 90,1 92.2 91,4 90 1 93,3 93.34 93,3 94,3 92,4 89,3 0% 0. 145,%
800, 0, 94,3 93,0 91, 8976 BB« 50.9 88,1 84,2 BByY ?7 P10 92:9 94.% VLB Yoi? BT,? 0% Y LM

1000, _0, 98.2 96.9 92,5 9078 90.4 9p,% 87,9 §8,2 B74p 89,1 89,2 92,0 89,8 9i.0 89,3 87,1 0 D1 AK4y?

1250. 0. 96,0 96,7 95,3 go"3 89,p 89,9 47,8 67,9 Bb,1 8308 87,1 89,9 88,4 90,0 8872 86ib . 0o 0:  184,3

1600, 0, 9431 94,6 93,5 9qy2 87,2 B7,9 85,8 86,3 8312 B4tB 86,9 68,2 88,2 88;9 87,0 86,5 0% 0. 38249

2000, 0, 150:4 100.2 100.3 93,5 94i.4 89,1 90,1 B89.4 8742 87i2 89i2 87:3 BB 89,9 88,1 BF,1 0¥ 9 144,90
_ 250Ds .0, 6.8 95,7 95,7 9271 9nen BB 878 85,9 87,9 B?(B 88,35 87:9 BT,% 567 B7,6 8447 0% 0. 84,3

3150, 0, 93,4 93.8 9? 3 8908 B7.z B87.0 85 1 B6.2 B5.9 68478 85,8 B? 9 B&.4 Bbiy 85,3 85,3 O» 0r 18246
400040, . 95,4 99,6 94,4 0475 94,0 B39 86,7 86,1 R4:;B B4;9 B840 B7.1 08:9 B35 83,7

8060, . 0, qs.g 95,2 92,2 9277 BB,z 67,3 8B,0 85.3 B5;1 8219 8432 85,4 843 85,9 83 4 8344 0% ;nagé
6300, "0, _ 94,4 91,4 93.6 _ijlﬂ__iiﬁ__ﬁili_ 86,1 B7.3 B8543 8474 66§ 5555 sﬁnﬁ 8554 85,9 82:%5 04 &

8000, 9, A%,6 92.3 89,3 8379 B7.1 63,3 84,1 B85.1 85,1 ®3%0 8533 B5,2 83,4 83,0 81}5 Bg,2 O 1!2,8
_100D0,_ 0. .. 87.2 88,2 _142__E?mﬁ*AQEAAVA§2LZ___144vﬁf§,5 §¢1___2¢1__QWL1A 88,2 85,4 84,4 84,5 79,5 D1 ﬂ- 143,
DYERALL . 13341_01&721ﬂm24&_ﬂ1&L§4&L_J&4é HLAQAM&liMﬂllfqu_ - J B8,7 197,9 LLJQLA
PAL 8, 120.2 120.,4 119.8 114.7 115.9 115, D 115,8 113.5 11 t 395 {14.% 115.5 115 .5 115;3 113,70+ 0.
BNLT D, 32109 122,80 121.6 14976 118.3 135,9 147.7 114.6 §14, ?0 115,9 116.1 115.6 .5_11555 1137 034 Qs

Figure 143.
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QEP ENGINE "¢

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150" (45.7M) ARC; 607, N
c

TWO SPLITTER INLET CONFIGURATION

E ¢, i0.0 20,0 39,0 46.0 50,0 S0,0 70.0 BO,0 90.0 $00.0 110,0 %20,0 130,0 140,0 1%0,0 160,.0 170,0 1B0,0
50 0, 744 72,5 72,9 77,5 7B.7 7B.4 76,7 757 Tby7 7907 B2i4 78,6 B4,7 82,7 85,6 B5,4 [y U 153 8
63, 0, TX.6 T1,3_ T1:6 71085 TXRs9  Ti.4 72,9 73, Lz__ZELQ___ziéuAAgjﬁkAigia$ﬂw§4§A#124§Aggnx,Aggjlﬁ 127;3
8g. 9, 74,9 71,3 70.3 7075 73.5 71.3 71,2 71,5 72,3 Y203 74,3 72.2 75,6 75,5 7842 78,1 Qv 0 128,9
400 .05 72:6 74,3 70.6 7278 74.1 75,6 75,6 77.6 77;8 77.9 79.5 7?.8 Bp;B 79,9 84,8 79,8 ny 01313
125, p, 72,7 72,8 75,8 Bnoyg 82,2 81,8 84,2 $5,0 8349 837¢ 84,0 B2.2 B4,4 83,3 82,8 80,8 04 0s 1364
A6 Dy 7345 74,5 77.5 78} __1343___ﬁ4§__§JJJL_§133 B1y7  82%0 82,7 82, ¥7. 82,8 8047 80,5 . 05 0. 135.8
200, Dy, 75.6 75.4 7634 76.% 79.0 7.9 7.9 77.6 76,8 786 Bg.B 79,7 B0.8 Q0.p 77,8 78,8 0% 0« 13242
2904 04 35,3 15,3 _74.6 739 75.9 15,5 74,6 75,0 I5¢6 7649 77,6 77.B 7B, 77,9 Téyl T7.4 Dy Gs. 13048
315, 0y 77:6 77,4 75,6 74:7 76,9 78,7 76,9 17,9 7736 75:8 79,8 "80.9 B1:2 P89 27,8 76,7 03 0, 413240
0D D 7605 7703 26,5 7456 14 ; :5 7656 77,7 78,5 79,8 V8,9 VA5 77,3 0s . 0. 130,48
500, 0, 75:4 77,2 77,4 74.5 75.9 T4.2 74,6 74,7 74,4 75,7 77.4 78,6 79.0 78,8 77,6 75,4 0, 0s 1304
B30, 099,72 TB.T_ 78,8 7473 75 : 1 74.8 ZE,L__lb* 9..78.8 7% EAM§14ﬁf~1%44*A15+1*4 A0 134,3
800, 0, 78,7 7B.8 77.4 75(% 7641 75,5 75,9 75.6 TB.® 7707 80,86 83 9 B4.i 28,2 ?55 Tahé6 O Dy 1334
000w D028, 79,0 72.6 76, 1 A4§4344151A4k1k414L36LﬁuwlizﬂAMJEJ W19,8 83,0 82,1 7 Oy 0a- 13248
1250, 0. a7,8 87,6 a49,8 83,9 B3.1 B39 7870 77:8 79,7 81 8 80,0 76,y ?5:5 74,5 g 0« 136,84
__ 16004 _ .0, V,ﬁa 6 89,9 82,9 77:8 77.3 76,8 76.0“ 7?-0 75,0 74,8 78,7 81.1 79,0 ?5.9 7345 ..72:8 0y, 0y L3329
2000, 0, 84, 10 82,8 83,8 80,0 7902 774D 79,3 by 76w1 7742 B0, 9 80,2 81,2 97,2 TA37 4.6 0. D 183,9
. 2500, 8, . 86j4 85,8 eq. Bi.8_ 79%.0 77,8 77,7 74,6 7;9 7878 82,5 82,9 B1,8 P61 75§35 73,4 0y 0. 1352
3150, g, #2,7 82.9 082,09 77.t 76,3 73.6 73,8 5,0 7348 5.8 76,6 81,9 79,0 95.2 T3 6 72,8 . 0s  132,8
L4000, .0y 87,3 Bd4,6 84,6 'B177 79,9 77,7 76,7 73.7 73,7 74,7 78,7 7B.5 78,7 76,8 Tar3 73,5 _ 0y . 0 134,3
500D, B, A4,8 86,8 84.5 B1TL Bosp 76,8 79,4 73,9 TIrd T3.7 76,5 7.8 77,7 U5:? TS 70,7 v 0y 13445
. 5300s . .0, . B7:8 87,9 47,9 86,8 Bd.a 84,7 80,0 TE.T V7,98 7759 B4,9 83,8 82,2 79,4 Veis T4,8  pj  p, 138,7
80090, 0, #6.2 487.5 5.3 84.8 PR1.B 79,5 B0,8 7T6.6 75.6 7417 Bg.6 BI.B B1,8 T9,7 T4z 73,2 04 0, 138,83
_10000, . 0. .. B7.9. 89,1 869 ATIL_ B5.4 82,0 81,3 76,3 75,3 74,3 78,2 B0.4 78,3 6.3 73,14 74,8 gy __ .0» . 140.2
OVERALL 13,8 86,7 96,8 946.4 944 93,5 02;1 92,14 91.4 .0 9.6 93,8 94,7 95,0 92,) 92,2 91,4 13,8 43,8 48,3

PHL. 8, 110.1 109.6 199.3 107.5 106,72 104.2 103,7 101.8 102+2 103:1 66,4 167,17 1066 403.¢ 164,6 1oe,% 0. Os

PNLT 0, 112.5 112,1 112.5 10973 108.3 06,7 104,8 302,7 102,9 103,7 1V7,3 107.1 106:6 103.6 102,1 100,53 0, 0y ...

Figure 144,



[4:11

QEP ENGINE "c"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M). ARG; 70% Nf
[+

TWO SPLITIER INLET CONFIGURATION

. FRrEn . . . .
50, 0, 73;7 73.4 72,3 74,4 78,5 75,5 76,2 7Tb.4 773 Y774 B0\ 77,9 82,8 fayy a;,s 7, D 0r  183,%

— 63, 0, 1719 _73.9 73,6 7578 B0y 77,9 7845 ¥T.6  77s3 '&ﬂqi. 828 80,4 8337 63,8 8816 8619 oy 0 194y

80, 0, 74,5 72,4 71,9 731 79.6 74,5 74,3 75.2 75¢9 76.3 79,0 78.7 82,3 3.0 8444 B4,5 (v 0y 152,38

8.  18.0 %G.0 30.0 40.0 50.0 60,0 70,0 B0.0 90,0 00,0 140,0 120,0 130,0 140,0 150,08 160,0 170,0 180,0

10D, Dy, __74.5 73.4 73,4 7J6:4 84s7 78,7 79,7 Bp.3 82,3 82:9 83,3 B83.3 85,8 ssis 87,7 88,7 0. ni 186,23
125, 0 76:8 77.0 Bi.9 8179 88,9 91,8 93,5 918 9Dy5 8479 89,8 88,7 89,2 9.7 9555 47,8 - py 0+ 1833
__JMLMJLﬁthJhithJLLJhLJLLJ&1J&d_ﬂﬁ_ﬂlethﬁLJthﬁLJhLJﬁ&mJLWJL ;

200, 0, 78,7 80.7 B81.5 82:7 B4.0 63,0 82,5 82,7 B2y4 B83\7 B4;4 85,2 85,6 E6,3 B36 83,8 Qi 0 1378

_ 250a.._ 0, 77,8 79,9 79 9, ; 8
Hg;g. o, 78,8 80,0 79,8 7977 8244 8p,F BL,6 8245
4D, . TVIA._ 7z o Yy 2 -
500, 0, 77:5 80.8 84,5 7777 79.6 78,9 79,4 78,2 BO:3 au s az.a 83:3 aa. $3.1 63. Bl:4 Q1 0. 1352
792 80,7 82,5 78.% 79,4 78,3 77,7 7TB.6_ 3% 8173 B2y? B4i6 83,9 83,9 31-1 79,0 Oy fe _xli;i
7877 78.8 79, ' aﬂ«? $2+8

8148

e 5 B

"800, 6, H2;1 80,8
AD08, 0. B3.3 81,0

-

4250, 0, 83.7 81,8 81,5 7878 79.1 77,8 78,8 78:6 79,3 79,8 61,7 84 4 eo ? ?9.3 77,9 76,8 o1 0r 1348
— 600, 0, ; 9 p N 82,9 9, 0%z 82; - 78,9 7 438,86
2000, o, 85,0 82,3 82,7 8170 78,2 7841 13 76 1 i3 84, 42 i3 38 ' ' 13454
5804 0, B7;6_B85.7 B4, " YRR TYIWE LT 317 leluJEﬁﬁ_Jhd3_*ﬂldL—13+l—1111—~—&i~——1L~4§§+1
3150, 0, .98.,2 88,9 B7.0 B473 81.t Bg.1 78,9 78,9 78,9 79.4 #8p,8 84,5 80,2 7B, 6 T6,F 76,8 { D 1B7,40
— 4000, 0, 91,6 87, H Y 28,4 77,5 81,5 81,2 B0,3 80,2 77,7 76,6 Qi 0. 31877
. %000, b, 91;0 91,9 87,8 3? B B6sp B4,2 B5,§ ¥8.5 78,4 7Frig 798 81.F 807 BT PEGD 7448 gi o, 199;8
3300, 2118 90.9 99} 858 82,9 B1.d B BNSG  BogY 83;8 7%i¥ Y94 LY B TR )
3000, 0., A%.5 90.4 88,2 B7L 7 8416 82,6 B3;6 79.5 7%,3 785 83,4 89,0 84,4 B34 77,6 76,3 Oy 0+ 1#1)¢
10008, 0. A9.4 9p.2 B9,y B9Y1 P& 83,5 84,3 799 79:9 7F7:3 80,8 82,9 80,3 Ho.0 TO.n 749 0y 0. 18243
18 10042 99, ¢ - 0 0%y0. 932 9I.6 98,3 97,9 U7: 138 §3,8 19149

PNL. 0, 113,9 113, 2 111;9 111%5 109.3 108,2 107,7 105.6 14B6;1 10674 109.0 110, 2 108,2 107.5 1085,7 104,6  p: 0

PNI,T 0, 146.6 115,5 114,0 11471 111,7 110,2 10%,3 106.9 107¢0 30750 310,0 111.2 106,9 108,0 196,2 104, 0. _ 0.

Figure 145,



QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150' (45.7M) ARC; 80% Ng
[+]

TWO SPLITTER INLET CONFIGURATION

0o Tn e 2o.e 0.0 40.0 50.0 60.0 7Us0 BO.D 99,0 100.0 440,8 120,0 130.0 140, D 156,0 60,0 170,0 480.0

_.FREqg e e e
50, D, 78.,& 77.3 71,3 7915 83,7 794 80,4 B1.4 63,1 B2,7 85,2 82,2 88,6 89,5 93y6 95,8 0% Ev,s
63, . 0 5p.8 77,5 77.2 787 Bo2.p_ 78,6 79,7 80,3 B2s3 B1iB B8ayA 82,2 86,6 88,5 92,8 Q¢ n-
80, 0, 79.4 77.0 77.4 77.3 B4.5 78B.4 79,2 80.1 BO:B 8172 64,3 84,0 87,3 89,2 91;7 90,4 Dy 0 155,9
4000 0, 79,4 76,6 78,1 .7%.6 B84.4 By.4 82,3 83,4 8453 8574 87,5 B7,3 90.7 92,5 93:6 93,6 0. 0+ L8047
125, 0. #p.o 78.7 92,4 85.9 38,9 67.1 35,0 BB.7 B88.5 90.0 0.8 91.5 93.B 4T 94,9 92,0 0; 0. LB3,9
. 160, 0, Bpi6 B2.7 B6.2 _8BU4_ B9 j__BQAZ__iO;EAgjﬁLdlA#iixﬂ__iﬂﬁﬂ_ 92,5 92:5 98,9 94.6 926 90,8 0. s L8447
200, 0. 82, ©3.9 84,3 B5. ‘4 Bg.7 65.7 85,4 85.2 885 B7,6 B9.6 90,6 90.:6 94,5 B9,0 89,7 0. O« 1H1,
250, Dy 92,6 82,8 94.% $3.5_ B7.6 82,9 82,7 83.6 64,3 86,9 BE,B 89,2 88,8 89,8 8d,p 87.6 04 Do AE0.B
215, a, an,y BI.9 84,4 p?.8 85.6 82,9 85,7 85.3 87,3 87 ‘7 8R,6 90.7 B9,1 B88.8 8? 8 85,9 D1 0 190,0
400, . 0, Az.5 B2.8 83,5 &1;4_“87;5 Bz, 6 35 4_54.3 8Bja B&LEH Bllﬂ_ 88,4 _ 87,7 88.7 37 yi B5,3__ 0% 0. 180,8
500, 0. 2.4 B84.7 B85.0 Bh.6 85,7 Bp.5 B33 842 841 83.8 BT v BE.3 BB,6 89,4 88,6 85,7 0y  Os 1A0,8
_____ 630, g, A4.4 83,8 B6,8 _B9y0. 87,9 88.0 Vﬁii ® _Bp.5 84,8 86,1 58,4  B8.7 B9.1 BB.B 86,9 541. i a 18140
800 0, 92,8 91,8 89,7 93.0 91.8 B89.1 88,6 91.9 B9:3 9278 89,7 92,4 88,8 88,6 86,7 84,6 04 0 $H4, z
1000, 0 9p,2 69,2 84,8 .B878 av.;___g*z 83,7 83,8 83e4 B71 86,9 9D.6 ﬁiiiﬂ___Ji_AAAJS 5211 _____ i . D, AR08,
1250, 0. n5.s 85,8 84,4 B2.7 R2.6 00, 6 81,7 B2.5 82.2 82.6 B£4,7 B7.2 B3.? B5,4 83,7 82,8 04 0 isﬁeb
-1 0,. #1,9 90.9 94,2 _B%. B si.evwas,ﬁVﬁ554ﬁ_*ﬁ2L4__ﬁz,s.“52; -1 Y- -1 Bum&;*__nﬂﬁJEWfﬂ gl 81,7 04 cBa_ 1BL,8
2000, p,  95.9 95,3 101, 's Texl2 9s.3 a&,) 86,7 B4,B B4,B 837 86,9 85,7 B4.2 85,7 B39 B4l (Qr g £86,2
2500, 0. 90:8 89,6 87,5 857 B3.7 84,9 82,4 B0.4 B3;4 8430 86,5 86,1 84,6 04,6 82,6 60,5 0. D, 139,4
3150, 0, 0.1 0.0 88.6 8574 83,9 B1.2 797 B1.6 83,5 82,1 83,0 66.% 62,0 B83.0 80;? 80,1 0 0+ 139.a
4000, G 94,9 91,8 91,3 90.5 87,7 85, 7 8%,3 B2.4 B4,3 B81:7 B5,% 85,1 84,7 _ﬂlﬁ__wilz___ﬁlﬁ D ﬂL__iﬂif
3000, 0, 9L.p 93,1 Y0.6 90.0 B8B.o "B6.1 86,6 83.7 84,2 8037 81,8 84,3 83,7 82.8 ao, 78,7 0 0r  1A1,7
6300, 0. 23,1 3.6 92,6 93,9 p9.B _BR.S_ 85,0 §5.4 _§§t3 82,7 83,5 84,1 ﬂzlﬂ_ﬁuaLi_ _8p.7 80,9 0y 0. K37
8000 . 0. 49,8 91.8 09,5 89.4 87.6 85.4 a5.4 B3.1 Bd4y3 81.6 85,5 89,0 B4,7 B2z 79 & 78,3 0 b 1832
10000, 0. W0.2 91,2 58.9__391;”,51J1,ﬁaﬁliwﬁai¢9__m14lm_ﬂéij__ﬁﬂjn 82,8 86,6 B8B,1 B34 80,0 78,3 _ D Dy 143,7
OVERALL 13,8 143.% 102.9 104,7 132 “0 192,41 99,1 99,1 98.8 931 100 972 10,2 102.2 102,0 402,8 102,8 104,9 13,8 43,8 1858
PNL 6. 117.2 1i6.0 148.8 114,72 115.3 111 4 110,68 1u9.7 140.5 11D.1 112.0 113.1 111.8 112,90 110, 3 109,2 0 0.
PNLT | 0, 115.4 118.4 123,79 11707 1;37;_;;§46”___ 3 412.6 112,3 112:2 113,0 113.7 111,8 112.0 110. 109.2 Oy 0

P

E£8T

Figure 1486,



¥81

QEP ENGINE "c"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150" (45.7M) ARC; 90% Mg
c

TWO SPLITTER INLET CONFIGURATION

- Y. 1.0 20,0 33.0 40,0 50.0 60.0 70,0 B0.0 9¢.0 100.0 110.6 120,0 130,0 140.0 150,0 160,0 170.0 180.0
—_FREQ ., R . : . WL __
50, 0, #2.4780.6 80.1 82,3 83«4 B2,8 04,3 85,4 87,3 B6u7 B985 87.2 33,2 952 99,06 103,00 O 9 1§§%4
.. . 63, 0, 43.7 80,8 8.6 8177 B39 . 82.7 84,5 84,6 85,2 85,9 89,4 88,2 92,7 94,4 9737 9.9 0, Dy 48348
80, g, A4.3 81.4 82,2 83.4 85.1 B85.2 85,1 853.9 B5,1 B5.,2 08,0 88.0 92:% 94,3 96,5 97.¢ 0 0 143.0
_.Ap0. 0, A2,4_ BD.4 _56,3 82,4 83,7 B4,5 B4.6 85,8 PBB.3 89,5 91,5 92,3 95,8 98 993 97,9 oo Oa_ 18549
125, g, 82.8 82,0 84,5 B86.7 B7.B 69,2 900 0.9 92,6 92.2 94,6 95,6 ¥B.0 998 1017 97,7 o 0+ 1882
L A60, 9, 4.4 37.5 .39,3.92,8 91,9 93,6 92,4 92,4 03,5 ©94:¢ 96,3 97,4 98,9 99.8 99i9 95.8 0. 05, 189,40
200, 0. 85,6 87.8 38,6 89,6 B8%.7 B9,8 BF,B 89,4 91,5 93,8 93,3 94.5 94,7 %6.6 95,6 94,6 0. Or 14648
___Zsﬂu . ,ur: ,,,“5:6 __8_6_1_6___3,814 57':5 "?n-n 83!1- BS-S 3396 90.4 91':0 92|4 _9'4;5 ?4:7 ?5!7 ?3;6 93[? Ui R UJ,, 4165[,3
315. 0, a6.7 BE.9 B&.4 95.p 90.8 0p.9 9%.6 92.6 94i6 93Ug 934 95.3 9349 94,7 92,% 93,7 0. 0. 18646
400, __ 0, 34,5 97,6 95,4 B&7? 95,4 8,7 97,5 96.7 92,5 9377 92,6 96,1 92.97 94,6 93,8 92,7 D¢ 0r. 1890
500, 0.  38.9 94,5 81.6 50.7 B9.8 92,7 97.4 92i4 91.4 95,8 95,6 94,3 92,7 97.4 93,5 92,8 0. 0, 14840
B304 0. ._86:9..50.2. 91.8 91°p 93,5 £9,3 90.0 B6.,8 90.6 890 91.% 93,7 93,8 Q4.6 91,8 99,2 0 s 4854
800, 0, p7.9 87.9 87,4 B8LI6 87,7 8.7 B7,7 B6.4 88,5 BE.8 ¥1,% 93,5 91,7 927 B9,9 BB.7 0. 0. 181,7
_A000,.. 0, 93,0 57,9 86,8 87,1 B7.9 B8s,2 85,7 87.4 88,5 88,1 90,6 092.7 B9,8 89,9 89,8 87;1 By 0, 1%3,%
1250, 0. 90.8 86,9 89,8 86.8 B4.5 84,7 84,4 B5,3 85,5 8419 88,6 90.2 88,9 89,6 88,6 85,9 0, 0, 1416
__l60p, 0, AB,9 .B7.7..88,5 8479 B3.n 84,0 B3.B B5.0 04,4 _Bs.,n 87,% 89,3 87,7 68,7 67,0 B5,7 0% O+ 18048
2900. 0, 38,0 94.3 95.7 B899 &9.,p B8,1 88,8 88,6 B747 as.9 88,6 B7,6 B89.4 B9.6 87,8 865% 0 G+ LH4,4
2500, . 0, 93:7 91.7  90.4 BBI5 86.6 B4,9 85,6 84,3 8651 8636 88,6 88,3 88,4 08,5 B7,8 B84, 0, Oy _182,3
3150, 0. 20,3 91.1 89.8 B771 Bd.4 83,2 BZ2.0 B4.6 B3:7 B4.9 04,8 88,7 089:1 66,6 B4,8 84,0 0y Qs 140:9
_ A008. Dy 95,6 . 91,6 92,6 9975 #B.8 B&.5 87,2 B6.2 BA,1 86,5 67,2 87,9 87,5 #8.4 B6,7 85,4 0, D¢ 183,06
53090, 0t " 91le T93.1 7 %0.6 9078 8%.1 B&.8 89,0 B5.4 B4:6 B4.7 84,7 88,3 86,9 87,5 84,9 82,5 (. 0, 1432
6300, . Dy.. 93.2 ..93.0 _92,6_9370 8%.9 BEa.9 85,8 85,7 873 BST0 BS,7 87,2 B4,9 BE B5,6 8%,6 0., Do 14,4
3009 . 0, 20,6 91.8 39,5 A9,5 B6.4 84,4 86,5 84,1 85:9 8436 86,3 89,2 85,8 85,3 82,4 81,4 . 0. 183,7
49000, 0. 3B.5 90.7__B7.8 89,1 B6.3 83,0 83,8 82,7 B84y9 84.3 87,0 90.8 88,3 86,8 84,9 82,1 0 0a__334,8
OVERALL _ 43,8 104.4 194.5 103.9 10277 192,9 103.4 103,9 102,68 103v4 10376 105.¢0 106,3 106,7 106,5 1087 108,3 13,8 43.8 1%9.4

PN 0. 118,2 116.9 116.9 115:5 114,4 113,6 114,0 112.9 113:3 113.5 114,9 116.3 115.,5 116.6 115,4 114,14 D, 0

PNLT 0. 120,5.118,4_11B.9 11770 1315.8 114,9 115,4 114.3 143.8 11571 £16,0 116,3 115.,9 416.6 116,4 114.,1 0, 0.

Figure 147,
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0, 9,0 20.0 30,0 40.0 S¢.0 60,0 70,0 80.0 56,0 108.0 119,.% 120,0 130.0 140,0 150,00 180,0 170,0 180,0
—FREg _ pHL
20, 0y 5.5 72.2 73,3 81,7 76;7 77,86 74,8 74.5 76y5 78,7 BL,7 76.3 B3,? $2.7 64,7 84,6 Oy ) fﬁs,ﬂ
- 63..._ 0, . 73,4 71,6 70,5 80,8 6 ? 734 +8 ?ELEA_%LL,_MZQLQ 8 _4128,8
80, 0, 72.1 70.9 6%9.3 7903 ?2 1 71,4 7202 7i.1 Pive 7214 73,8 71.7 75,4 P& - 77;1 7745 B 0r 127,8
0. 0, . 71,8 69,3 70,7 BDiD 75,5 g & 7 F7.7 Bg.0 79,8 77.4 80,0 80,0 Bi,6 8047  0x 0. 381y
125, 0., 71.9 71.6 78,1 8673 8343 82,1 83,1 B83.8 66,3 882 84,4 B82.9 86,3 88,0 84,8 84,0 0% g 138;8
L AB0. 0. . 7Ee6 74,5 Jﬁfz,AIE”ZﬁEZELQ_ﬁﬂzln &1Lz___1L1__ilﬂi*Jﬁhﬁm_mzlz_u_lLEAmg§li 82,9 80,8 82.0 Da__ Be  438.4
200, t, 75:3 75.3 76,5 80.7 78.7 78,8 7B,0 77.6 ?By7 79.8 HB0.6 79.6 B0,8 BO,B 77,8 79,0 0, 0 132,48
B0 D, ?Ba6 75,4 74,7 79,8 74.9 74,7 74,7 74,7 Tégq  J6.® 77,9 77,8 78,8 77,8 76,5 V6.7 0, gy 130,38
315, 0. 77,5 76,7 75.6 7BU0 74.9 75,8 77,1 76.7 77y@ 7BI9 79.7 80,5 81,8 PB.9 F&. 6 7TT.0 Dy 0. 432,98
—— 8004 . Dy . 2546 76,6, 76,0 THB 74,6 73,7 75,9 75.4 75, 7 9, 728 76:% 04 Q%3045
500, 0, 75.5 77.% 77,7 75,5 73,5 73,8 74,6 74,3 75,6 74:8 77 77,4 78 0 78,8 77,8 75,8 Dy 0, i80,2
e BB D, 77,9 26, 9_1Li_JLJL_EL4_JAAL42LL_VALLMHLjﬂllJLWﬁhiml9 7 — 0. 332,3
800. 0, 76,8 77,6 76,9 75,7 78.7 76,1 77.1 75,7 7548 789 Bgy7 B2.8 5399 ¥e.8 75&6 Ta T Dy Dv 133,4
%000, . 0y 75,6 75,6 75,8 7470 74.p 75,0 76,3 TF6.6 9630 7971 B0, 82,7 B2.3 F7.0 V4B 7442 0, De 43254
1258, D 66 B B2.6 33,8 76.8 vB.7 75,8 77,9 77.5 7551 78,0 79,7 BL,8 79,8 V6,1 74,5 73,8 0. g 133,35
3600, _0. _A0:0 76,9 77,0 7379 73.9 73,9 74,9 75.9 73,9 769 79,4 B0,B 79,3 V6,3 73,9 73,9 [ 0. 1341,2
Booe, 0, 93:9 82.9 83,4 76.2 77.2 B0.4 78,3 78.0 U6y 77:0 B0¢f 60,0 81,4 U8,4 74,8 75,0  Ds 0 ;53;7
2500, 0y . 82,8 B1,9 Bp,p U576 74,6 4,7 75,8 73,4 T838 7972 81,8 B1,4 B2, FB.q V6.6 72,9 p, De. _153,\
$150, 0, 78,8 7B.8 77,1 73,1 72.8 72,2 73,0 73.9 7352 72 79,1 B1,7 78,3 Té.z 7,7 7249 [ Or 3134,4
4000, 0, N4,4 81,5 83,0 7779 77,6 72,7 73,0 73,3 F4en 7339 75,7 79,4 79,0 75,9 744 72,6 0. _ 0. 132,5
000, 0, 35.1 86,7 83,0 8gV3 79.9 7%.1 79, o4 74,9 73ip 7509 7859 78T 77.2 V49 7248 73i8 Q¢ G: 134,85
8300, _0,__ Bh;7 86,1 87,9 85,0 Ba,q 79.3 78,3 76,7 IBy3 7639 61,8 B4.6 82,0 Bg,1 TF7,0 757 0 G 135-1w
sooc, 0. N6 6 BR,3 45,5 83.6 B1.8 79,9 78,7 75.3 75,6 7708 80,4 082,65 816 F7,5 75,3 7247 Dy D« 138,p
10000, 0.y A8.1_ BB,9 HBR,2 84,4 B4.5 B2,3 82,3 7.0 76;4 75.% 7B,2 T9.B 78,2 77L2 T4, 2 72,4 D D« 18033
OYERALL 13,8 95.8 95,5 95,3 9474 92.3 94,5 91, 6‘mgnAgwMR1LﬁuM3;Lz%A2§11__!iLi_JﬂLL__jELLl__iaLz__ZLLQ__LJL___LaLa_lsﬁL:
L, 0., 1n8.6 108.4 108,23 10672 104.9 103.0 103,3 t01.5 102:1 102357 405.8 107, 1 106,6 304,1 102,1 100,86 0.
INLT G, _111:6 110.5 110,8 10773 305.8 105,4 104,5 102.6 103;1 4p4.9 $05,8 107,7 107,3 1065,2 103,0 101,22 0 o.

Figure 148,
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G i5.6 26,5 30,0 €50 5.8 60.0 70,6 60,0 90,0 100.0 110.0 120.0 130,0 14D,0 £50,0 160,0 170,0 480.0
FggT B, 73;7 75,3 73,7 7576 74,9 75,6 77,8 77,8 7848 Bgi2 8052 78,1 az,a 33,0 8 ag; ¢ 0, 0. 1§3§n

6,3

63, 0 ?6.7 74,7 74, 8 7677 78547 7T1.8 78 I 77.0 7842 B1%4 6038 TR, 82,7 63,4 esgo Boaf 0% D+ ;5;19
~ Tap, 0F 743 73,5 72,7 73.1 74.1 74,3 75,9 75.6 7.0 78i0 78,3 77.7 1.3 81,5 B3;8 B4,0 Oy 0 1%;;7
100, . 0, . 73.8_ 73,6 72,9 7 766 7 $g 78,4 79.4 8839 8240 82,6 82,6 84,4 85,2 B6,6 85,7 Qx 0. 1888
TTi25) Tl 96ia  78.4 8103 8219 84.3 91,7 93,8 92,0 89,6 B854 90,3 88,3 B9,1 B85 "R0iB BS,2  gr . 0, 1830
160, . Da_..75;1 79,1 84,7 ﬁalig ﬁAJ2__ﬁﬂ4ﬁ__ﬁ%lzgpﬁﬁli__ﬁzxzﬁ_azlﬁukﬂiiﬁ;_gﬂlﬁ_4§§4§ 88,0 8745 26-3 fy 04 1%%+}

T 200, o, 77.2 8.9 Bi.6 8275 B2.4 82,1 (0 82,0 82,4 B4i7 84,9 85,5 87,3 85,2 83,7 B4 I 8¢ 1B '
__..25%e, .0,  ?8B,p 78,8 79,5 78, 7 78,7 7%,6 77 5 79.0 79 foﬁigi___1¢7 82.6 83,5 82,6 84,8 83,4  ov 0, 484.4

' . 7B.2 79,7 Bg,1 790B 79,4 79,2 81,1 B81.2 52,0 8319 Bayd 85.6 85,8 84,2 82,0 80«7 . Dy 0 §36,3
333. gl, 17, g .?34§_"15,5ﬁ_154j__1149hm?7;4 79,7 79,4 8034 8353 82,4 83,2 B83;6 82,0 B1,% QﬂJQA——ﬂL___ﬁ;(Aiggy%
TSpo, 0, 76:3 78.5 78,2 76.8 77,0 77,5 78,6 78,1 796 B80Y7 B1,3 B81L.5 82,5 82,0 :1,3 gg.g T &, 153’
B30, O.. 76:4 78,0 28,8 77,2 76.7 76,9 77,8 78.2 79,0 80,9 6147 83,0 83,7 62,3 B0, b Oy T 3 ;AaL
TTBag, 9, 78ip 78,3 7B,1 77:8 77.5 78,0 78,4 7&.2 7951 820 3.2 85,8 84,8 81,9 8Oy ;a.n iy 0. 139,
1000, G, 76:9 78,0 76,1 7657 75.4 76,5 77,8 7B.0_ 7B.2 Boy®  82.4 86,3 8440 26,9 79,2 76,1 0y nl__isa !
180, 0. 79.5 TB.B 77,7 76.0 75.0 75.B 77,2 77.8 77y6 Bgi2 BG,B 84,2 B1,9 VB,7 77,7 76,5 0 133,
1600 9, 92:2 88,5 91,4 5.6 62.8 77,1 81,4 €1.2 78,7 8033 0.9 84,0 60, _m%g.g ?g}g "%%,3 3 _“{F__i§§§2
2000, 0, 0.5 78,5 79,1 77 3 75.5 74.1 ;gug ;g-i ’;;fg ;3-2 ggvi ngl 81.0 ' V¥ ] ' '
, v4 80,7 79,3 7815 75.5 76,4 . . . 3 o4 B2.,2 B3,0 78,6 78,3 75:1 Qe 0
'53331 g;' 2%5; Bg.z ggfg 7972 76.2 75.2 74,8 76.3 78;1 7%;2 B0, B3.E 79,5 77.9 ;6,% ;6|g ') 0 134,2
4p0p, 0. N6.9 B4.2 A4,p ABI.> 79,4 76,4 75,0 75.5 77,5 77.0 78,2 82.0 82,7 78,8 77, P Dy Ds 2253
Tsp0g. 0,  98;2 BR,4 04,4 8871 60,6 84,6 80,4 76,6 76,1 77,3 79,0 79,2 82,4 5.8 4y5 73k 0, 00 13443
£300, o)  ael3 sel4 89,7 8e78 _@S,s B1,4 81,0 BO.7 Bi,0 79y1 1,2 83,5 80,4 ¥B,4 T7;7 76,4 s 0y..1 i
8300, 0. n7.6 89,4 A5,9 BALE E£3.p B1,B 80,9 78.9 7846 B1,;3 82,3 88,1 86,7 B0,3 T7Bi6 76,0 0i 0 140,1
i8)00, 0, n7.4 89,2 A7,7 892 P4.3 62,0 82,2 79.4 79,4 79i1 79,6 83.4 87,2 P8,5 7Téud T43 Qs . Qs 181,

. : o “ ! WP 96,2 138 13,8 1%1:%
WERA B 97.6 97,4 97.2 9673_94,p 95,6 97,0 98.9 95,3 9597 97,2 98,1 98,3 96,4 ¥6, .
%ﬁE‘ SR s e iio.g"1 S Tos0p 105, 7 10 05,5 104.9 105:2 105.4 $08.0 109.67109,2 105,9°105,4° 04,0 0. 0

. 0 134.4 133.7 114.5 112.3 109,3 106.% 107,1 106.2 16,1 108,4 108,7 110.6 109,2 105,9 106,1 104,0 0. 0, _

Figure 149,
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6. 7°13.0 Zo.0 30.0 A40.0 5S0.0 60.0 70,0 BO.C 0.0 $00.0 4%D.6 120,0 130,0 140.,0 156,0 160,0 170,00 4B0,0

—-¥REq . .pML
59, 0, 77,3 7,3 16,4 78,0 78,3 79,2 V9.6 80,8 82,3 63i6, 85,0 61,1 88,1 8BB4 93,7 95,5 04 G, 139,3
63, _ Di _78,9 77.7 76,6 7737 78,5 79,0 78,8 79.7 B1y6 B3Iip B4,y 62,3 86,9 88,2 9038 92,5 0. __0»  387,7
84q, 1 TR, 77.6 75,7 7&.1 77.5 7R.0 7B,1 7B.6 80,5 82.7 B3I, 5 82.7 B6,& 876 T00D 0.1 0 Gr 13649
_ . AD0, _ B, 77,5 76, 76,8 78,3 79,3 79,8 BO,b &2.4 B3, 4 B5,3 85,9 86,1 89,4 90,3 93,0 91,1 n. s 305
125, 03 79 o 78,7 82,0 64,2 PR6.6 B7,0c BB,F EZ7.2 B7.8 94.5 08 90.4 92,8 3.2 F4,8 92,2 Qn 143,383
46Dy . D, _)’IU 1 B?.4 85,2 87,4 B%,7 B9,% 90,2 B%.5 8%.6 91578 91,7 92 _-_1,__&5&_2}_2*_9_}!1__91,& ﬁ_ﬂ!ﬁ B 144;5
200, 0. Hy\p 83,7 B83.& a¥.2 E6.4 Be.3 B5.9 85.7 8.5 89.1 b9.6 90.2 90,3 V0.5 B9,3 89,3 o 0- 141,46
_ 2504 _ D, . 90,4 82,7 42,0 81°4 #4,9 81,4 81,0 62,5 B4,p 86.6 E7,.0 B7.,5% 88,6 B8,7 H7,8 87,5 0 139 n
315, ., 79.5 B3,0 A2.,1 Bi.2 B1.9 B4.7 B4,5 €5,5 86,5 B#B.L 68,8 89,0 89,4 EB,p 67,9 Be.4 04 u. 1=u.4
,ﬂ,dﬂﬂ.lmduﬂk...50.4._51;_._§1L§,M§ﬁ1§_~89r8 84,1 B4.,1 BI.4 B5.,4 85,6 BS5,8 B7.5 67.9 87,2 87,0 85,5 03 38,8
500, 0. n2-3 81,5 72,9 #7.0 B1.5 Bp,2 #2,5 H2,B 84,1 88,1 86,4 87.9 B7.3 87.4 88,7 84,7 0, o« 139,85
___gggJ____nigﬁ_glgzﬁggg,z #5,% 86,7 £a4.1 B34 Bg,7 82,5 83,7 85,9 BE.,4 BY,0 87.,B 87,7 87,8 84,6 Do 139,;
800, 0, 96,7 90,9 89,7 82'% B3.4 4,4 B4,3 84,0 BA,9 906 BE,2 90,0 89,4 89.7 69,2 B5,6 g« o‘ 142, 2
4000, . 0,...A3,7 84,7 R2.8 6074 F4v6 64,7 _BL,7 BI.5 82,5 Bs,2 67.,n B9 Be,0 65,9 86,3 83,1 0 ,189
1250, 0, n2.p B81.2 &g.6 79.3 78,7 78,7 79,8 B1.0 80,1 82,7 ©4,2 85,8 83,7 83,4 BI;3 81,2 0, o- 13614
600, _._D, 86,4 _B6,4 85.5 8173 79,4 75,8 79,4 81L1_k§n42__&244 3,4 85,2 82,6 B2.8 B2 B0,6 _Di_ 0. 1569
2000, o, 92,1 92,3 92,2 8632 B2.1 B3,0 80,6 B4.3 81:8 5 84,0 B4,9 B4,0 B2.9 82,3 BL.% 0% o. 139,9
25004 I (PR A7 85,2.gﬁasi,uﬁuij.kjﬁsz_kv9.9 8g,2? 78.7 Bi1,7 B39 8B5,7 84.p 84,2 B2,9 BX,0 78,2 Qs 5715
3150, 0, ad.0 86,7 #3,6 Bi/2 79.7 7A.1 78,0 79.5 7By8 8205 B34 B6.0 BL.2 EBl.4 B.2Z 79,6 Dy o. 136,82
__ 4000, 0, . 90,6 89,3 88,6 J&d _BB.6 B1,8 ELL__LL_LJ_BLA_MJA“_QLIMMAQLLK Do Do 539,53
Sg00, D. 90.0 90,6 87.1 86,9 B4.g 85,9 B84,% B0.9 7946 BYU8 82,5 Bl 7 BL.5 T8 FB(? 775 0 ns 1394
_ _B300._ . 0.,. _R0,3..90.8_ Qaa1__23“3__ai;a__ﬂi*ﬂ__ﬂﬁiiﬁ_ﬂing_&lximf&1$imN§149 _B4,0 B3,4 80,% B0.D 79,4 Gy 018242
§000. 0, 89,4 90.9 87,7 488Uy gBS.s 84,5 83,5 82,6 82,4 83,7 85.p 87.1 84,0 60,5 Bos1 780 D 0: 14244
10000, . 0. 88,7 89,7 88,3 8977 @5,4 Bp,B 82,8 By1.4 81,7 BO.6 03,0 B6,9 84,8 82,2 8034 7N 5 0. 0, 182:9
IVERALL _ 13,8 100,2 100,6 99,9 9819 97,9 97,3 914____JJQL_2§41_1nn¢1_1§Q4§.1g;;z#;g;AZA;QAAEAAQglzﬂlgaJJL_4§J§__;;¢§_12111"
IN|, 0, 113.7 113,55 113.2 412, n 116.8 109, 3 108 8 108,2 108;5 1104 1 111.0 112.2 121.5 410,3 220+3 10B:s6 D, 0«
INLY 0. .116.4 %16,5 116,5 31377 142.p 110,3 109,8 109,6 11055 3111%6 (41,0 112.2 112.7 130.3 1310,3 108,46 0. 0

Figure 150,
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¢, 17.0 20.¢ 39,0 40.,d 50,0 60.0 70,0 BO0,0 90,0 4GO,¢ iic,D %20,0 130,0 140,0 450,0 160,0 170,0 80,0

FREg _— pHb,
50, G, 82;5 81,2 91,4 82,7 B3s5 63,9 85,8 66,85 87,5 88,8 90,3 86,0 94,7 26.6 100,6 103,4 O, D, 146,2
83, 0, 84,4 B1.4 83,8 BpcB B2.9 B3, 0 83,9 B5.4 8548 9739 69,9 86.5 92,8 98,1 9774 100.9 03 0. 184,32
8o, 0. 44°9 B81.9 83.0 B1-4 Ba.4 B5,2 B4,5 B3.9 84,5 87v2 B89:4 B87.0¢ 93,3 %46 ¥7,0 97,3 0+ D¢ "3B3,8
_.aen, 6, 334 84,3 82,7 8975 K5.5 B4,6 85,6 85,6 87,7 89,7 92,5 94.6 96,0 97,7 10p,5 97,9 03 Dy 186,00
125, 0, 82:7 82.5 B85.8 B85:7 87,9 B89.1 91;2 91i1 92,2 94:0 95,8 95.7 98,F 99,6 4D1,6 98,2 0 Ge ARB4D
168, _ 0, . 84;4 B7.6 90,8 9207 92.0. 94,0 93,0 93.7 93.n 9876 96,7 96,5 99,3 $9.8._9%:5 97,6 Ny 0. 389,3
200, 04 85,3 B7.4 89,9 90:0 918 95.8 90,1 9p.8 91.9 9430 94,% 94,6 96.7 97.7 9ﬁi4 qs,n ' O 1*7?1
250, .0, _94,4_87.4 B39.7 8477 89,8 84,7 87,8 B9.4 89,9 9131 92,6 92.7 94,8 96,4 9438 54,0 0, Ds . _383,8
315, 0, 85.8 B7.7 86,9 86,7 88:8 90,0 94,9 94.6 94,9 9538 94,7 - 94,7 95,1 0.8 94,6 8248 04 Dr 418749
400, ... 0, . B5,6 93,5 90,7 BY6 93,7 98,7 91,9 95.5 91i1. 9240 9545 94,3 94,8 94,8 95,4 92,2 (x N, 487,46
500, oh epia 9.7 93.6 9a.9 8B.7 97,7 94,8 92.7 92.0 920% 9,7 92.3 94,7 95.6 V4,4 95,86 D D 48740
..630,_. 0, . 86,7 67,7 98,9 BN 90,3 91,2 89,4 87.9 91,4 9171 92,9 92.7 94,3 %4.: 93,0 90,3 0, 0. 4454
BoO, 0, 49,0 88.9 47,9 89,1 BB.y B6.9 B7,% ©8.B 67,9 90v1 O2.8 92,8 93,1 ¥E F0:7 B%.2  Dn 0r 84,8
_ 4000, ... 0, 39,1 88,8 88,2 8679 B85.9 6A,0 86,3 B7.0 86,0 8951 90,9 92.7 91,8 90.4 0,1 86,2 0v .. 183.8
1250, 0 7 Tw7he B&.E 87,0 B84.0 B3.o 63.6 84,8 84,8 85,1 87.0 B8.0 90.5 89,2 90,0 88,9 87,0 04 0+ 141,8
_ 4600, 0, .. 75,6 05,6 86,0 82,1 83.1 83,0 84,2 84,9 84,2 85,9 66,7 BB,4 88,3 89,0 87,7 86,1 Gi¢  0e 1AQ¢H
BoOD. o, 93,9 93,1 93,9 5773 8&.0 84,3 85,3 84,5 B5y4 86,2 B8.2 B7.6 89,4 89,4 B7,8 BYQ Qv 0v 382,8
 PS0e.. 0. 9p.6 B9.5 _BR.9 8576 BI.? B840 85,0 83.4 B5;7 B7i7 89,7 86,5 89,1 89,3 8836 84,9 v 0r 16148
154G, o, #7,6 B8%,4 28,9 84,5 &5,y 83,9 84,0 84.6 B4y2 8501 67,0 68,8 85,9 B6,% B4,6 B4,9 D 0« 340,9
 &000. Q0. 92,5 96,8 92,p BATE 87,9 64,7 84,% 89,6 86,0 64.8 ©5,7 88,2 BE,D B8, B7,5 64,86 [0y . 0. AR
5000, 00 H3.n 94,0 91,0 B9 4 B7.q BB.& 901 B5.6 65,0 8871 BEB,4 B&,B 6B, 86,2 8449 Br,P Dy De 3836
8300, .. .0, .70,9 90.9 93,0 9131 89,3 87, 8 B7:3 g4yt B4;9 86,5 B6,0 85,9 64,9 B4 0y . 4832
8009, o, " 99.7 91.4 B88.7 B7.%5 E&S.7 84,8 B5,B £4,5 85,5 83,7 86,5 87,1 85,8 84,5 82,4 B80.6 Qi gr 14344
40086, . 0, .68,p 86,2 38,0 B7,2 8=,q 63,1 85,5 83.1 B5.4 85,9 48,2 9¢.0 88,2 86,3 83,0 83,3 01 iy 584,86
VERALL  13.8 1425 103,1 1932 10135 162.0 102,8 103,06 103.1 103,0 1p4i3 105,7 05,5 107,6 408,4 109,4 108,7 13:8 $3.8 339,80
INL 0, 116.1 116.5 116,2 113.9 113.4 113,1 114,31 112.8 143,14 1140 15,7 £15,7 116,5 116,5 115,% 414,1 0o D+
LIS S 0. 118.1 118,4 148.1 11479 114.2 114.1 115,5 112.8 11348 114°7 115,7 115.7 116,% 136,5 115,% 114,1 0. 0.

Figure 151,




68T

QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 60% Nf

o]

FOUR SPLITTER INLET CONFIGURATION

. 0, 1b.0 20.8 30,0 40.0 50,0 60,0 70.0 60,0 90,0 400,0 1£0.0 420,0 130,0 140.0 456,0 160,0 70,0 480,0
—FRE e e e - I——"1 |
50? 0, 74,5 71,6 69,5 7279 72.9 73,0 7439 740 75e9 7870 79,0 75 ] 81:# 5137 82,9 33. "0y 0+ Iﬁ{%ﬁ
63, 0. . .73.0.70,5_49,5 2600 7 3 12 o 0. 10%7.p
I 0, 71.6 70.2 6B.1 7006 70.7 69,7 70,7 71.5 Ti,7 718 73.7 74 3 75 1 75 r 73. T? 4 0. 0, 3188,)
106, 0. 89,9 6%.5 9.4 .73, 8 ‘2 8p.t 78 7 - )
125, 0. 72.0 70.8 75,7 B1.7 B0.2 B0.7 82,7 84.3 85,6 B5,2 85,2 82,3 82 & B4,3 84;3 80+ 0% 1B6,7
600 . 0, 71,9 73.5 75,6 V9VL_ ?alzﬁ_ﬁnLi.Aﬁiti_ 81.2 Bis2 aaii_ 81.8 81,9 Simsgﬁ_sll_.inls 79,8 ﬁl_d__ﬂJ_ 184y E
2000 - D, T4.0 TB.E6 74,5 7703 7.0 77.5 77, 2 76.2 7745 78i0 79.2 B0.0 7948 78.9 P7,4 77,4 0% 0+ 131,65
2504 . . 0,. 74,0 _74.6 T3.7 74,1 7 ; 7 4 78 7
31%, 0, 75.:7 75,6 74,8 7473 7%.8 74.2 .75.4 76,9 TTe¢5 P70 79 0 Bi.,1 80,6 77, 3] F7.4 75,7 D% 181,83
,,,,, 400... . 0,. 75,0..75.6 78,7 7403 74.9 73,3 75.0 74, 1ﬁ_1ixx__zshi.ﬁ11;1‘,Zilaﬂ_ ‘ 15;1___ni~_w_nl~_1§n4ﬂ
500, D, 74,7 74,8 Te.7 7472 7ain T3.3 74,2 T4.0 7900 74,8 VBT 77.8 78,3 ?8 0 77:0 75,5 .7
__630... .0, 77,3 75,8 7&£,8 75,2 74,9 72,6 73,5 73.4 35,3 75.4 78.2 _19L2_ 80,8 #7.4 7 74,1 a‘ n. ;su‘
800, 6, 75,0 75.9 75,5 7803 74,1 75.4 J¥54 74,9 ?P5y4 7700 000 83,7 82,4 Iéwy ?s,a 785, 0% b 132)%
_ 4000 0. .73.2 73.9 73,4 74.2 7302 73,6 5,8 76.4 Yheé 7672 80,2 863.0 B0;3 ¥6u2 78,2 7219 0y Ds_ 484,86
1250. Q. 74,6 74,8 73,6 7372 72.7 73,3 75.0 75,8 75,0 75.1 78,4 81,0 78,F T49 72,9 72,6 O 0. 18048
L A600. 0, 71,1 74,7 72,6 7274 73.p 72,5 74,2 74,3 7314 73,0 78,2 81,2 77,% TH.8 73 7.8 0, 0 $E0y0
2000, 0. 79.3 79.9 82,0 78,4 7e, 0 77.7 76,3 74,3 575 73504 79,2 B1.0 @0.d as*z 74,5 72.& 0i o 18245
. 2500. . _0y...72,9..73.5. 23:8 7400 9 B4y% B T4, %
3150, 0, 73,3 72.8 72,8 71.3 70.4 62,4 71,3 71.2 7115 73vé4 7T Bgy1 76,7 !5 3 72.3 70.1 0s 7 129,4
4000, G, 79,0 77,9 B80;7 7705 77.4 _ 732 71%_1;0&_&31“13%3 76,3 77.8 78,5 92,
‘BOOO 0, 83,5 B83,2 8p,0 78VY 75.6 75,% 78,5 723.4 TOre Y2746 78:4 7744 z;.¢ $54 ¢ 59 8. 59.; ;ag,g
_ 8300, __ 0, _ Ay,B B2,6 84,3 8372 79.9 75,8 78,0 72.3 75¢7 7398 80i9 B3.8 60,3 ZTdis 7319 70.3: es n- 139,5
8000, 0, 42.3 B3,7 81.0 8D.1 76:5 74,8 75,0 72.8 7iy8 7333 T8i¥ Bo.7 79,4 UE.T UR.7 a4 v 0 134,3
10000, D, 81,9 83,6 82,4 B4TI 79,8 77,1 76,2 7T1.0 7090 7040 7%:0 77.8 75,1 72.8 69,9 66,8 0% Na_ 13%
OVERALL _"13,8 912 94,7 91,5 9175 8%.% 80,3 89,9 90.0 90,7 9058 9F,.2 94,2 93.6. 1.8 4 90;3_M;§j_k_k§-§41_¢3j
PHL u; 104,7 104,8 104,9 10472 102.0 100.5 101,0 99,6 100+4 10173 054 106.6 105,41 1028 18p,4 98,8 g, 0+
PHLT o, 147.2 107.2 107.8 10579 103.4 102.1 102,1 100.4 $04,4 10272 %06;6 107,4 106.,2 182,6 101,0 98,8 9 0,

Figure 152,
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QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150" (45,7M) ARC; 70% N
c

FOUR SPLITIER INLET CONFIGURATION

0T 19,0 20,0 30,0 40.0 50.0 60.0 70,0 B0.0 9640 500,0 140.0 20,0 130,0 140,0 50,0 1600 170,0 180,0

FnEu S 1|
50, e au ? 88,1 83 0 78)9 O 75,5 75,5 748 TF6:% 7876 78,9 76,7 82,3 2.} 55,3 85,9 Gy 0 1G3%b
_ 63 0, . 801 88,2 azti_f&n*aMAAa;___1141__15ig_wzgii__zﬁxa__zz;ﬁ__zz1&__1§i§__§zin__§2l§ Ba,3 85,0 0% 0 15327
80, 0, 78,4 B86.6 80,6 7678 o+ 75,2 13.5 75.4 7438 5:% 77,8 77.5 480.% g B4,8 92,8 i by 152:3
100, 6, 77,4 85,9 8042 76,0 0y 77,% 77:6 79,4 B80y2 81, 39 84,9 82.7 8448 ﬂs- 87,1 84,3 ¥ . 185.4
125, b, 77i5 82,3 82,3 82,3 0. .%0,1 94,0 90,2 BB:3 B7Y3 F0.2 BYi0 BB.2 85i3 F0i5 88,3 M 0r  1f1y9
_16p, 8, . 16,9 &2+Q_“8242_f&2§2mmwgi___ﬁ5¢ﬁ 88,7 PB%.9 B%¢p A97 87,2 86,9 88,2 87,7 88,2 84,3 08 0 Qs 189,38,
_%gn. 0, 7.4 gs .0 81.1 8171 @&. 83,0 82,1 &0.3 8{s1 B30% gsnn 33-7 83*3*#§3¢? 83,8 82,1 0¥ 0 1gbaﬁ
P50 .. O, 7743 84,1 80,1 _zaij___LJ__ﬂiamnAgzldL_JuhjL_12:1ﬂ. 3 )__H2,0 8 __§441. Bi,0 D3 9. 184,9
315, 0 75*3 81,3 78,3 78Y2 g, 79,0 79,7 81.0 B1.3 B82.8 82,9 B3;% 84,9 Bdse 81,9 7% 07 Qs 135:;

e _400. 0y 76,9 ..79.1 78,9 7578 Dv 77,6 78,6 F9.i 7?%yn BOT6 Byt 81,7 82.9 Bi.% 83,0 BQ;2 0% 031 _13§y
500, 0, 74,7 79,9 78,8 749 Q4 77.%5 7Th,8 7H.0 7Byl 7976 Bi.0 80,8 B2.9 82,8 84,8 78,9 0, 0. 13412

e B30 ﬂ+___11t5_ﬁlalﬁ 78,5 16?4 0« 77,2 7.0 77.% TBLE. .ﬁﬂ;g__éiai_.ﬁilzm_8&12__E1;2__§n4§wm78:&___nl___*atv 183,79

B0Q., 0. 76.4 79.3 77.1 7670 05 77.8 77,8 7,2 78,1 Biip 83i3 85,2 849 84.8 ag,a 77:4 0y 0 184,86
4000, 8, . 73,1 .T6.3_ .28, iulﬁLiwkjl_ﬁlﬁJ___nL_ﬁu7?LL_llmz_l_g&Aéza& 85 5,2 B4.% 79,0 FB8.2 F5.4  0v . 0. 18348

1§50' N 1.1 74,3 74.2 72,9 u. 74.9 72 g ;a N 7gw3 7: g gg. a 'é ;9 ) ;g-: 77.1 ;g 1 3 D+ 0. 132, 1
4600, 0, 74,2 74,2 79,1 7472 75,9 7 6.9 74,3 18, 23 82,8 80,1 ¥B.,3 77 I 0y _gg _132
2000, uf 71.% T2y Far4 T4y u* 73,9 Far1 75,4 6.5 7873 B1.2 B1,2 Bi.9 UB,0 7745 75,2 (i 152§1
_ﬁgﬁuntg, 0).._73:9_75.0_74.9 7358 0. 74,8 75,6 74,8 77;2 80%6 83,% 80,9 812 ?S b 78,0 73,9 0% u- 133,32
3150, 0, 78.2 80,4 77.1 7471 0. 75,0 73,1 744 T4y 77.2 Bgy2 82,0 80,2 wv;e Toed 72:4 O3 Or  1B2,3
000, uiﬁmmﬁs.gﬁ 82,9 84,3 ai?a g 74,6 73,8 74.1 76y 7578 79'3 79,9 84,9 75,9 77,2 74,83 @, 0y 38348
2000, 0, B7:i6 B%.,2 85,5 842 0., 83,2 80,2 77,1 744 772 78,9 76:4 18,9 Td4.i 72,5 Q¥ o- 1565
_ 6300, 0,.. 8634 87,4 89,4 86, }__~ﬂ¢m_ﬁu1lﬂ 8Qli__1§4§444515“.1__i__§al__f§gii 8034 D6,4 78,5 72,4 0 ~138,0
BOOD. 0. n4.% 87,2 84,6 BIV? 0 Bo.2 BG:3 773 75s2 78,2 82,2 85,2 82,2 Up.p 77.4 74,2 04 o. 15!,2

10008, 0.  %4.6 .B7,4 86,2 B85T2 n., As.% BO,L 7.0 76,2 75.8 78,4 79.9 79,4 76,8 74,0 73,4 D% 0. _133,8
Q{EB&hL 13,8 94,5 98,0 96,0 9471 13.8 94,7 94,9 94,3 93,7 94757 96,35 97,0 97+1 96,2 96,5 94,6 13.8 13,8 1RY.e
PNL,

0. 1d850 110.3 109,2 106,28 0. 105.7 104,3 103,2 10323 10574 107,9 108; 1 10747 u5 5 104,86 1023 Qe 0-
PNLT 0, t0B.0 111, 110,8 10776 0, 107,5 10%5,8 104,5 104;5 10670 109,0 108,8 109,1 106,5 105:5 302,3 0. 0.

Figure 153.
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QEP ENGINE 'c"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 80% N
C

FOUR SPLITTER INLET CONFIGURATION

pee o, 13.0 20,0 30.0 40,4 50,0 6g.0 70.0 BO,0 90,0 400,0 110,0 20,0 130.0 144,00 150,0 160,0 £70,0 180,0
Rk - — — : i . oWl
50, 0, 78:1 79.7 77,9 78.8 79,0 99,5 79,5 80,7 B1y8 B2i8 83,7 82,8 88,1 69,7 vs, 95,0 07 6 189
_ 63, 0, . B0;2 79,B 78,2 7779 79,9 79,6 79.6 79:9 Biep B2V9 8Ash B2,9 66,9 B7:7 90,08 91,0 Oy 0; 137,83
BO. 0, 79,5 78.7 76.5 75,8 78.7 7B.5 78,5 .79.5. 19,8 Bz2.2 62,6 B4R B7,8 89,3 9g 9 89,9 3 01 187,8
160, 0, A 78, ‘ B.9 7. _Bpeb m@n4§A_§2*ﬂ_qﬁ211_,ﬁiij_§5|! 87.8  91:1._ 91.9 94,3 90,2 n; g, 1an.¢
125, 0, ag.5 Bp,4 083,72 B472 &63.5 B9.2 68,7 58.5 98,3 9o¢3 90;3 91,0 94,2 94,3 95, 12 5.2 04 0 1;4
_._&.M.uﬂl-_—__u_l i . V9 Bl jﬁ;iwﬁi / - i B9 9 91.8 9% 2.7 93 e B9:0 L] g 4 3
200. D, A43.¢ 84,2 84,0 8472 B86.2 85.5 84,7 34.9 Bb,4 33“1 a7z, 9 88,8 89,0 90,2 90,1 68, 110,5
2504 . 0y 8219 ) & ; '8 Bbit §g49 8 9,0 B8,3 8
315, a, 79 g 84,0 aaga B0YS B4.1 82,6 a4,6 34.8 B6:o eaéu 87,0 89,7 a9;z Beyo  Be, 5459 0% 01 tqo,Q
__AQQLAQKQLMJMJBM_jLQ__LJL_' 8248 82,7 . ; ™ BELE. 8939 87. 8719 i i 59,2
500, 0. Ap,e 83,9 84,7 8971 as.a a4.7 86.5 83 6 3470 8577 85,7 86,6 87 8 BB.B SG.B 34 [ 0 180y
630, 0, A3,y 8 6, 74 83,8 4 86,0 86,8 88,2 i _ A
800 ] 86,0 A6.9 484, .9 827 2 1974 82.? 89.9 B3 ] 83;2 BYY D 848 89.8 B84B 06 7 85 2 84.0 G 'Y 159|9
— 2000, 0. . 7901 B1,1  H3.4 #Qﬁ-i 87,8 84,3 BA;Q gs,: 8%.1 0% D 131,2
1250, 0, 79,6 77.2 78,1 787 z 820 79.8 79,6 00-3 EUfU 32 7 82,8 85,9 83,9 83,7 82;% 81,0 i 0+ 1836,
1600, 0, _78.3_77.0 78,3 7770 79.9 77.7 ?s.o 79:9 79,0 83170 81:8 84,9 82,9 82.7 _az.o 80s3 0y 0. 405,
2000, 0y BAD:2 77.4 80,2 79,1 79.3 78,2 77,8 @p.1 B0¢4 B1y9 B42 84>% 84,4 B30 %g& 07 oy 4864k
2500, 0, _ 79,9 79,8 79,0 788 77.8 78,5 18,3 %7.8 Al 3.5 6559 B2.5 B3« 82:8 %B TB,¥ . Oy 0i 3868:0
3159, b, Az2,2 83,1 82,4 80.4 79.4 78,8 76,9 78,1 76,4 B1i2 B2,3 B4,4 82,4 80,9 80, T7:4 0y 0y 485,7
__ 4000, 0y a9,g BB.2 ©#B,3 B6,2 B6ey Bp,8 79,9 78,9 60,0 BQ:9 BIin 83,7 55;1__laip__81- _78,% 0y 0 1sa*g
.00, 0, BBya 94,3 87,3 86,2 B4.4 B8.0 BT 83,2 792 31 2 B3E3 82,2 Bied BN }6 I8 0% uu 180,82
__ %300, .0, BB,8 89,5 94,6 B9V4 88,5 05,4 86,1 83,6 8254 8151 8236 83;1 834 Bhed 7618  Dj iRy,
8009, 0. 87,5 89,4 86,6 85,7 B4,5 B3.0 B4;3 B1,3 79,5 8144 B6i4 B6,0 B2,3  Bi.g 75,5 T 4 DOy u. 1%0)
10060. D, _N6.4 88.7 B7.4 A7V4 84,3 B2,1 82,3 79,6 77¢7 7Bc4 B2.,3 84,1 84,6 83,4 79,6 75,4 Qi 0. 18127
OVERALL  13.8 8746 98,8 98,4 9779 58¢2 97,6 97,2 97,0 07,8 9943 99,7 100.8 1048 10149 1082,8 1008 136 zs 8 ;!311
PN, 0, 111,4 112.4 111,9 110.6 110.4 109.% 109,5 107.9 107 .4 10974 110,8 111.2 1311.% 3130.4 110.2 407.5 0% 0.
PNLT D, 113.0 443.8 443.0 11374 311,8 111,46 110 9 10?.9 107:4 1094 $11,% 111.:2 112.6 130.4 110,2 107,5 04 04

Figure 154.
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QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 90% Ng
[}

FOUR SPLITIER INLET CONFIGURATION

U0 10,0 20,0 30.0 40.0 50,0 60.0 70,0 80,0 90,0 100,0 110,80 320,0 130,0 140,0 158,0 160,0 170,0 180,0

e FREQ : - FAN
59 0. 42,2 B83.%1 82,8 B2.5 B1+9 B3.7 B4;8 84.8 86y?. B0 89,9 89,9 94,3 T 181!9 10448 Ov 0. 1§¢,s
83, . D0, __Ad4p 82,2 82,1 8116 B1.9 E>.B 83,9 84,9 85,9 8a;1 86,0 90,0 92,8 5,6 98,7 99,3 0. Do 444,9
804 0, 84,6 B3.5 82,5 8272 84,2 B5,2 B4,2 83.2 848 87,7 88,4 90,5 937 6.2 98¢ 96.5 04 0. 184
_.100. 0, _.83,2 .80.8 B4,9 B2VR R0,y A4.5 85,5 B6.08 87,9 0.7 94,7 93,9 . 96:0 ¥9,% 191.? 9B:2 . Di 0 i
125, D: A3,3 82,3 86,1 B8.p 88,3 9p.2 - 91:0 92,0 92,3 9473 5.0 98,0 9943 13&.2 10333 97§86 s 01 449,9
160, . 0, .84 n . 87,0 96,1 93,7 91.8 93,9 $2,7 92.7 93.2 9577 96;7 97.7 99,0 99:;9 100.,9 .9%.2 Q% 21 ¢y
200, 0, A&.1 88,1 83,2 B9.1 89,4 99,0 89,1 89,9 94,0 9371 93,8 95.1 95,4 96,7 96,8 95,3 ., 0 14644
253, . _®5.p_B1,1 89,2 8%7s 8&,8 B7,7 BB,B B9.0 BPi3 92,6 P2.,0 4.1 95,4 95,7 94,6 92,9 (3 0. _185¢3
315, 8, 05,0 87.3 86,0 B5:% 88.8 84,9 9%.1 20,8 93,2 9218 93,0 95.2 94,3 4,8 9456 922 0§ g AN6,8
40D, 0. . 87,0..89.0 93,8 87,7 9&,9 9a.4 99,8 92,9 96,1 9879 95,86 95.% 95;2 4.5 9515 92,8 0. 0. _149,7
500, 0, B&.9 BY.9 94.7 BB.S 90.6 91.7 89,6 89.6 90,8 9279 Pi.8 94,6 93,3 95,4 Va4 93,7 O 0, 146,2
430, .0,  B5.,5 8,2 A8%,4 BRIy 87.0 BAR,2 BF,D BB,0 89,3 9453 92,0 3.4 93,6 94,4 92,8 90,2 n. Ba 484,86
800, 0, A3.3 B4.2 87,1 B86.7 84,7 87.0 86,0 87,8 BA,1 9078 94i8 93.8 93,2 92,9 94,9 89.0 0: 14,0
1000, .0, .83:5 84,1 84,2 8371 Bdys B5,9 87,0 BS.1 86y5 89Uo 99i0 92.3 69,3 V4,8 69,8 06,4 az fls s;z,g
1250, 0, 81,1 81,3 83,1 'B2/0 Bz2.q B2.7 B4,0 B84.7 85;9 8751 87,8 %0.9 88,2 %0.9 88,7 87,0 0 !

_.AB00,  0,... 79,1 79,3 82,9 8170 81,1 B2,7 82,0 83.7 8342 8578 86,7 39.% 88,2 88,8 aa.u 86,3 uv 0, ;ao.
2908, . f 82,5 85 8277 82,2 83,8 82,2 84,1 B5;4 B8&7¢ 68,0 87,9 89,4 B8, 9 BE ¥ 86,3 0y 1Y
_ 2500, _m"_B, Agi 3 %25 Bov0 B2 g2z B3-2 8312 9% 83%0 2378 9.0 deip sa4 eeso B3lo 840 0y 0. rtH]
3150, 0, 8.5 86.2 B86,% B39 83.p 81,3 82,9 83,0 83,4 B5,0 86,2 88,0 B6,4 87,9 85,9 83,2 ¢} 6 480,10
__4p00., 0. . A7, ;2873 Sn.2 87,8 87,1 84,7 83,0 83,0 85;p 8577 &7,0 88,0 B9,4 #5,7 87,0 85;9 0% D 14;%g
5900, 0, 89,8 89,4 87.4 B87.3 B4.z B6,1 86,0 B84.3 32¢3 8473 B7,3 86,3 B4,8 18,2 8450 5.3 0% 0. 4AL,3
6300, __ G0, _A6,6 87.6 83,5 BRI B7,X 84,4 54,4 03,2 8437 B35 54,4 86.5 85,5 85,4 8812 83,5 0% 0s 11,7

8000, 5, Asts B7.6 B6.6 84,4 B2.2 62,1 84,2 83,3 82,4 B4.2 87,4 36,2 62,7 4.4 84,4 By, 7 0y 01 1444
10000, 0., _ B2.6__B4.5_ 84,3 Bar2 BL.2 Bo.l 81,5 79,5 B1s5 B35 B7,2 99.6 85,8 85:3 BA&{S 79,8 D1 0. 442.7
DVERALL_ 13,8 _98,9 99.9 191,9 10674 104.6 £03,0 103,35 101.5 10257 40445 405,0 106.7 107.2 108,7 330:2 108,6 13,8 $3,¢ 198,9
PNL 0, 112.7 112.6 114.t 11273 112.1 112,7 113,2 1ii.1 11294 114, D 11%.1 116.0 115.,2 116.5 116,2 113,% D, D
PNLY 8, 112,2 812,65 116.3 11372 113,23 314,1 114,7 131,31 143:2 1314.5 345,6 116,90 117,% 116,% 116,2 413,70, 0,

Figure 155.
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QEP ENGINE "c"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 60% Ng
o

CONTOURED INLET CONFIGURATION

9, 10.G- 20,0 30,0 0,0 50.0 6D.0 70,0 60,0 90,0 100.0 130.0 120,0 130,0 44D,0 150.0 160,50 170,0 180,0
. N . O N pik
54, 9, 71,7 74,0 70.5 72,7 7%.8 72,7 72,6 74,0 7740 V4.6 76,7 78,7 79,9 861, 82,9 82,8 0, 0, 130,5
. B3. 0 72,0 70,2 69,7 693 82i1 76.9 7216 7313 76,2 750 7438 76.0. 76,2 p515 78] 7ale 0% 0y 1292
B0« 8. 70.6 69,8 6B.6 6803 71,3 7p.5 69,5 71.% 7255 72.3 74,3 73,6 74,8 75,8 78,5 78,2 O« 0 12647
69,8
75.1

— 100, .0, . .TL6. 70567258 75.5_ 74.6 74,7 7.2 79,8 78.6_ 79.6 79,3 79,9 80,0 80,7 78,8 (4 D0 481,3
125, 0 73] 12 4 78,9 83,5 85,3 B4,% 81,8 B1.4 855 B3Ip 83,2 84,3 88,7 64,3 Bd,0 84,2 gy 0+ 437,3
. 160, 0. 74 6 74,8 76,8 7901 Bp.n__#p.0 80,8 B1.0 BPy1 B30 B2,4 82,2 83,4 E2.9 8147 80,7 Dy .. 0, 104,7
200. C.  75.7 77,2 76,6 FRI3 77.7 8.0 7&.H 78,0 B81.2 78,8 81,0 80.1 80,1 B0,1 79,0 7940 0+ 0 132,7
—2B04. o Dy . 791 75,9 7747 7553 75,0 7,7 77,8 79,0 79:9 78.0 79,8 80.1 79,3 79,3 77,7 77,6 n.,wﬁgﬂj__asz.n
315, 0, 76:7 78,2 75.9 7679 78.0 76.0 75,8 78.0 7B:9 7809 79,8 B1.1 80,3 78,0 77,9 76,6 0 132.%
400, 0. 74,5 78.0. 77,5 _75.8 75.4 74,7 75,4 77,8 TBs7 76,6 78,6 78,8 79,1 79.2 806 __77.4___9- L0s 131,85
500, 6, T7.5 7R.5 40,5 768 76.8 75.8 76,7 76.1 79,0 76:B 77,6 7B.0 73.8 78,9 7836 75,7 0+ Be 131,86
630, 0, A2.3 81,3 _82.0. JBe1. 77.2 76.2 75,0 74,2 744 77,2 79,0 79.4 B0,;3 78,3 76,3 74,8 0 0y 132 2
8ga., 0, #3.2 BL.4 6,8 Byt 78,9 76,7 76,5 76,1 76,9 77:8 B1ii 8372 82.1 78,1 7637 73,7 0y 0 153,
2000 9, A2.3 82,3 82,0 BA,3 80st  7Bi0. 77,4 77.2 78g4 7702 BO;0_B2,3 BO,1 76,3 75,4 72,1 D, . .Dr 1334
1250, 0. 92.8 91.3 93,8 89,0 91,1 &0,8 85,9 64,1 83.1 80.1 81,0 83.4 79,1 79,1 79;% 77,9 Qs 0r 144,3
— 1609, .. 0, ..95,3 4.4 37,p 832 83.2 B5.1 78,6 7B.4 77,0 77.1 78,9 89,2 76,3 76,9 75,0 75,0 D, 0, 435,%

B ag, 18 98,6 99,8 9775 96.7 94,7 93,5 92.6 93,1 91vE 93,7 94.7 94,5 92.7 9295 91¢5 138 13,8 1498
« 111.9 111.7 112.8 11370 109,41 107.3 106.5 105,0 104:2 103.8 106.2 107.4 105,94 103.6 10340 101'2 D 0
oo M14.9 114.3 115,9 11374 192.2 110.6 10%,2 107.4 106,0 1064.6 107,4 108.3 106,5 104.6 104,6 102,7 0. 0,

PN

2000, 0, 95,3 B4,4 85,2 B3T3 &p.3 79,2 78,9 TB.4 75;1 77:2 B0.2 79,1 80.5 76,1 ?5,1 75,0 0, 9, 134,86
2500, 0, 20.0 B%.2 95,9 89,2 B6.n 8p.7 82,6 Aﬁyvgggzgjjv LBoip_B2,7 B82,p 8032 27,9 775 74,6 0y . _138,2
3150, Dy 45,3 36,4 87,2 B3.2 82.0 78,2 77,7 754 7T7:0 77.2 77,9 81.2 7B,1 76,1 75,1 74i1 Oy D. 135,3
..... 4000.  _0, . HB.% B5.,9 09,6 B7'9 B84.7 83.9 8).6 80.2 75.5 76,6 78,6 78.8 78,9 77,4 76,8 74,5 Qi 0. __1384R
5000, 0, N6,9 B9,4 67,9 8674 84,2 83,0 83,8 78B4 7740 7359 774 77031573 76,3 73,8 731 0a 0, 137,86
5300, G, ..88,2 BB,2 89,9 B5I2 B86.2 81,9 81,8 81.3 7B,y 7%ip 83,8 85,2 81,2 78,5 7648 75,0 D9 Dy 139,8
Booo, D. mé,0 89,0 8B.0 859 83,8 62,9 81,6 78,9 79,1 74.9 B0.6 82,0 B0.2 78,0 7445 72:6 0. n. 139,3
10000, P, ...A5,5 .B6.6 86,5 Bs1y 8p.5 79,5 8n,4 7B.7 75:i6 F3.5 77,4 TB,7 Th,6 T4,9 V2,6 70,4 I} _ 138,88
3
0
0

Figure 1586,
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QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 70% Ng
c

CONTQURED INLET CONFIGURATION

/
0, 12.0 2¢.0 30,0 40,0 50,0 60,0 7o0.0 60,0 9B.0 100.0 110.0 20,0 139,0 140.0 150,80 160,00 170,0 180.0
_FrEq e L. : -
S0v 07 0} 72,0 7476 7450 77:5 74,8 75,7 7.4 78,0 F755 79.6 81,0 82,0 83,8 86,7 85,7 01 01 153,5
.63, O, . .0« 73,9 75,0 7332 78B¢n 74,0 75.6 77,3 7857 7B%9 80,8 B1.2 82,0 82i2 84;7 B4,? n, Dy 182,9
8p, 0. 0. 72.5 76.6 72.8 77.4 74.3 75.2 74.6 75,6 76.3 78,6 7B.,B B0,6 Br.® 84,3 83,5 Oy 0 3B1,7
______ 100. 0; 0. 74.1 75.B 75;9 79.4 77,6 78,5 B0.1 Bi,1 8036 81,8 83,2 BI.Q 84,8 B Ba,.4 Qe O 4184,%
125, : 0, 78.3 82,1 B374 84,9 92,0 91,7 90.5 90,4 84,9 90,9 B8.2 88,4 87,3 70,0 B6,1 OV 01 18249
460, 0, 0y 78,8 81,8 8319 B9 Be.6 B7,7 B7.2 B6.B. 8575 87.3 88:1 87:8 B7,9 8618 B4,5 04 D+ 18040
200, 0. p. 79,9 81,0 Bi.2 B2.0 81,7 82.6 B2.,2 82,2 82,9 B4,8 85,2 84,7 B5,2 33.9 83%.7 0 D+ 138,7
259, o, Dy 80,7 81,0 7879 #3,7 IR.D 78,9 7B.9% 8D;2 81,9 84,9 ;.2 a.z B2.0 81,7 a;.?_ 01._-4n- "15¢,a
315. o, 0y B1,1 80,0 792 83.p 79,7 B0,6 82,9 82,1 8279 T83,8 84,2 84,9 84,2 B439 Bg,7 ¥ 196,82
e .iQQL - 91 ,,0.' B‘SLG 8.2.! > B ZQ:G 83La 33 aa 30!6 ﬁU.l 81?7 BDI:S a?nl“ '_5_401 82|a ﬁﬂua aale 811, _AH_D_! A_._D_L_. 11@]
500, 0. n. B2.8 B5.7 80,0 82.8 79.5 79,6 B80.0 B81:7 B81.5 B2.7 B2,0 83,0 82,7 B2,?7 797 1535,7
_ 630, _0, _ .G, 83,4 84,2 8271 #3,2 79,2 80,8 80.2 80,4 80,9 82,8 82,4 84,0 82,4 80,9 79,2 o; .n. 135,79
800, U, bl 36,9 9035 853 B6s0 Ba.7 BAi6 81,2 B82;2 8357 B3,6 86,0 84,0 B2,3 80,5 B0:4 04 0 138,86
_1g6¢, __D,  D. . B7.,1 85,9 B34 85,9 6p,0 B1,8 Bp.2 B1,4 7919 B8p,p 85,4 81,4 T0.4 U799 76;% 0, Ds_136,8
1250, D o, B7,% A87 85.2 85.7 BR4,7 81,8 B0,3 81,2 78i7 H0,¥ B34 79,3 V9,2 79,7 77,8 Oy 0 137,83
3600, . 0, 0y 1u3.9 96,3 9874 95,7 59.0 93.0 90.2 93.1 85.9 87,8 90,5 85,0 85,0 83,8 B5,7 . 0 14%0
¥000, 0, g0 BA.p 87.2 87,1 85,8 63,4 80,8 Hi.4 79,1 B8pil 61,8 8p,2 81,1 79,3 9,1 TT.E g, 137,28
_£500, 0, oy S0, 90,7 .BB%1 86,9 Bn,B_BL,5 82.1 BO.B BpSB_ 62,7 B35 B0,Y 30.1 PR,7 75,8 03 D 138,8
315¢, 0. p. 4,4 95,2 9p.2 6i.p 68,2 86,7 B3I, 4 B4A3 810 B4,8 B4,4 By,L Bp.g 798 79,8 04 0+ 142,5
LoD, 0, 0, 99,9 90,9 9574 88,7 B5.3 82,5 82.8 BD;p 79.5 60,5 82,4 81,8 79,8 78,8 7748 Qe .. Go_ 18042
5000, 0. 0. 45,1 93,2 92.4 ©1.9 B7.1 87,7 B6.0 B2.0 7TBIE 804? Bi.1 79,3 80-0 7747 768 Qv 0 143,0
€300, i P} 90,1 93,0..92;2 Y2,n__Ba,1 B6,0 87,1 82,3 Epny0. 82,8 B83.4 79,4 V8,4 V¥4 78,0 .0i.. . 0s 1830
&nro, 0. a: %p,% 89,8 BN.2 #8.8 &5.%¥ 85,5 B2,9 81,8 77.9 52,8 B6.2 81,9 80,9 77:6 7586 09 G 1#241
40000, . Do 0. 88,7 A7,7 BR.G B9,.8 Eo,4 84,3 B81.9 80,6 76:4 78,5 81,0 78,7 76,7 T6:3 3.6 Do . _ 0r. 18240
OVERALL 33,8 13,8 1G5,9 13,5 102.3 1015 101.6 99,1 97,8 98,0 95.3 97,6 98,4 97,1 96.7 97)1 96,0 _13:8 13,8 1548
PNL . 0. 118,.9 117.2 115.4 114,67 114.4 111,3 109.8 110.4 106.8 108,7 119.3 108, u 107+0 106.7 106.1 0. 0
PNLT o, . 124.7 1241,0 11%75 117.8 119.4 115,2 112.9 114:8 1069.0 110,8 113.2 109,55 108,% 108,2 108,7 0. 0,

Figure 157,
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QVERAL
PNL.
PNLT

3, 19,10
D, 73;5
0 7%.7.
0. A0.3

-0 .7?!6
0. 30,2
s 3158
0y 32:9

. Qa‘“.ﬁsél
0', .’!4‘-7

.0y 26,8
0 37,5
0. 940
[ 26,8
0. 9519
0. 32.8
0, 98;9
2, 19432
O, 95.8
1 33.9

0y 7.9
0y 95.2
D, 34,9
0. 1240
b. 09.5

13,8 198,4
n, 122.1

0. 125.3

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 80% Np
c

CONTOURED INLET CONFIGURATION

20,0 3u.0 40.0 B0.0 60.0 0.0 B0.0 0.0 4C0.0 AL0.0 420,0 130,0 140,0 150,0 160.0 170,0 180,0
[ — Bl
7.0 76,5 7778 &3.5 78,5 79,4 81,0 B3,0 827 #4,8 85,8 8840 BY,¥ P46 95,5 {0y 0, 139,9
77,9 77,7 78 2. B3.A. ze.iwﬁ7916 _8n. E__ﬁari__§241___135 86,0 86,7 88iF 918 PZ.0.._ 05 .0, $38,8
77.8 77.6 76.6 B4.4 TR.6 7B, 4 T8 B1;8 B82.3 83,5 B4.6 B&.7 87,9 018 9046 0 0+ 13748
6.9 . 7?_6,AlsiiggﬁslbfgénJEﬁi§14§ 83,0 85.,n B53;6 66,5 87.8 88,1 %1,2 93,6 90.7 0; O 140.1
81.2 85.1 8374 B9.4 90,3 88,9 B89.2 B8F.1 90l¢ 90.% 91:5 93,2 93,5 95,0 98,0 0i  0r 18440
3.1 A7,6. B771 - %n:B _82:0._90, 9___1_2__824£__2ﬂJ1___24é._22¢2_‘3§1§_ﬂ2543%_9§J? 9047 __Da» Dr_ 184,9
84,9 34,7 8471 B8.9 Bs.7 85,6 £5.9 87,1 87,8 0.3 91,3 91,0 90:0 a8,8 0, 0+ 182,0
82,9 _§547__55fﬂh,ﬁa.9 83,7 82,7 863.0_ 850 835.9 ea u 88,8 87,9 59.1 514%*ﬁ§g, Dy py 139,9
84.2 23,7 8.2 909 87,8 B5,6 .88.2 8B,1 8757 9047 90.3 89,4 88yt B8R0 86,7 (% 0r 1822
84,7 95,5 8970 93,0 .88,7 89,5 91.2 B8B.0 8857 91,6 91.1 90.4 88,4 BA,9 A& Oy i 1838
87.7 92,6 91.8 E9.% 85,8 85,4 §1.9 87,9 84.5 B9,7 89,0 BB.0 BG,¥ 9n;6 BA.H O, 0, 143,2
98.2_ 35,0 _%0:6 %$2,2 9n.1 87,1 8%.5 8B;4 85,% 68,2 89,2 88.4 92,5 90,0 86,9 01 Do - 1#d,8
97.4 98,1 96;2 97:9 92,8 96,0 88,3 91,1 B8%g 0.2 92,4 90,3 89.1 7131 88,8 ., 01 147,86
95,2 95,0_ 91v2 94.4 91,0 90;% 88.4 91;5 9999 92,0 90.3 69,3 9036 87,2 8448 0, 0, 343,4
93.n 93,8 9201 92.p 97.1 90,0 88,4 90,2 86,7 87,7 88,2 85,2 86,0 85,7 84,8 0 D 1#4,1
99,4 98,9 95,4 93.3 95,9 93,8 93,2 B8B.1 B5.8 86,7 87.3 86,0 85,3 86,0 84,7 0, G 18649
103.2 103.9 10072 98,3 §7.0 97,9 99,5 9242 8972 90.F V0.6 B892 882 89,2 39.2 04 0, 15148
7.0 97.0 9452 94,8 89,8 94,7 91.2 6Byy 869 68,7 85,9 85,1 85,1 ‘JB 2 kniﬁﬁ,Ju_ﬁiiﬁql
95,2 96,2 9272 91.4 BA,6 89,1 B86.4 B87;,p 83,9 d5,1 486,35 83,1 81,4 B2,9 N 0r 184yp
95,2 96,9 96,2 92,7 94,% 90,6 90.9 B6;9 84,7 85,7 86. 85,8 83,8 83,5 a;. nj 0 15541‘
96,4 94,9 9471y 92,4 90.9 92,1 B%o.2 BB,0 B3IVD 83,¥ 82490 20 8148 84,0 0y 0+ 14546
9%.2 95,2 9574 92,3 99.0 90,9 %1.5 BBey 8471 B4;7 84,4 82,4 83,4 8253 84,0 04 Dy 38641
93.9 92,8 92.% 9p.8 69.5 90,9 88.2 86,8 82.6 B5,5 B5,9 B3I.L Bi.1 79,9 7By6& 0Oy 0« 145,86
90.0_.8%,7_91:n BRA.6 _B4,6 87,3 84.9 B3.6 79,4 B2,3 84,7 84,6 60,9 80,4 77,6 Di Qs 184,1
108.3 10B,7 10676 106.2 103,% 104,5 104.3 31§2,0 4 Dg.4 102,5 102,3 102.8 103,7 j02,3 13,8 13,8 18849
121,89 122,4 12001 119.2 117.2 117,88 £18.2 134,53 112.0 113.7 113.7 112.6 112.3 112,8 111.7 0« G
124,3 125,14 12179 120.9 119.0 120,1 120.6 115:7 112;0 114,8 115.0 113,58 133.3 114,0 113,50, 04

Figure 158,
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QEP ENGINE lic n

1/3 OCATVE DATA CORRECTED TO STANDARD DAY
150" (45.7M) ARC; 90% N_

c

CONTOURED INLET CONFIGURATION

19.0 20.0 32u.0 40.0 50.0 60,0 70,0 A&0,0 ?b,4 1040,0 110.0 120.0 130,0 140.0 ¢50.0 140,0 170.0 480.0
S : _ o e pl
43,5 62,0 81,7 8207 B5.8 82,5 B3,7 B5.8 B6.8 B6,7 89,6 90.9 92,8 95,8 181,7 105,5 O, 0 iﬁsfs
_ A3.7? _B2,np Ap.? 6BiTp 8&,7 Hp,B BI, 6 85,2 BF.p 86,7 89,7 91,4 92,2 9.9 98j0 99,8 oy TR T
n4.5 B3,8 44,3 82.6 B7.3 84.6 83,2 B4.6 8355 A5.5 88,6 99.9 91,9 93,8 96,6 96,3 0, 0 18340
o PA.gk__B3,1 _83.6 B3It B7.9 B2.9 84,8 B86.8 87, 9,7.91.6 93 9 10 26,8 0. pa . 3458
A%.1 85,7 B&,% B86.1 91.0 BB.3 90,2 91.5 9293 93,3 94,9 96,6 98,2 99,5 10250 971 0. 0r 186,58
.. B6s9 .BB,1_ 91,9 9270. 93.p 9.0 4.0 9377 96,7  97.1 99,0 99,0 100,8 96,8 o0& 0s.. 14934
a6.6 B7,9 B8, 99.3 ©92.1 90.i B8B,7 9%0.3 2,3 93.0 95.0 95.1 959 97.4 97,0 94,7 0 0« 146,9
_..50,1 B7.3_B86,6 BE.2 9p.1 B 790,91 94.7 91,1 93.0 93.2 94,9 95,2 95,0 93,7 Q... _.0x. 485,%
H8.8 92,5 9p.8 9173 94,9 03,8 96,7 99,1 97,3 9371 94,0 95,1 94,9 94,9 95,0 92,8 0, 0: 4l8,9
9119, 92,2 _97.6 _9BT9 100,59 1047 103,5 1008 95,9 967 100.% 2 97,2 ' 93,9 97,9 96,9 99:8 0. 0+ 483,7
27.8 99.2 9B,6 9979 103.6 160.7 103,5 1¢1.8 102.8 1090;9 100.5 94,2 95,8 95,0 98,7 95,7 0« 0. 154,83
__%6.q0 97.%.10p.0 9E.5 99,4 98,1 99,1 96,5 96,5 91,1 95,2 92.6 93,4 9P4.4 95,0 9L.1 0¢ .. Q:. . 1530,%
97.0 96.4 96,8 93.0 95.p 9%7.1 95,8 93.1 96,1 93.3 94.f P45 94,1 92,9 ¥,0 90.7 0. 0 1A8,8
98,1 101.3._97.p.. 8775 9By3_ 96.0 94,9 94,3 98,5 Yoyl 93,9 94.6 91,2 92,2 95,2 91,1 0.  0s 149,7
45,5 98.1 97,8 95.3 961 9a.8 93,7 93.3 94,1 99.1 91.0 91.4 89,0 92,2 91,8 88,7 0, B+ L1887
97.9 96,7 97.% 94.4 94.9 97.0 93,0 92.2 92,1 8%.0 89,1 89,4 89,1 90,2 89,9 87,7 0, _ 0r 1#7,9
191.9 101.3 1an.2 9&.2 4é.n 95.2 93,8 94.2 0,3 890 0.7 HB.B 90,3 B%,4 P0,1 B8,8 0. D¢ 1892
inp.4 99.3 99.9 98,9 9%, 9p.5 93,9 93.2 9i.2 ¢pi0 90,6 88.0 B8.9 B9,4 89,9 86,5 0. 0, 1#8:8
96,2 97.3 98,1 95.2 94.3 9p.9 91,1 9Yp.2 90+3 87.1 87,9 89.4 86,4 87,1 87,2 85,8 D 0¢ 186,7
C9RL7  96.0 _ 96,5 _96.9 93.7 92.6 90,7 91.9 88,0 87.6 H8,6 88,1 88,8 87,8 87,8 85,8 De QD+  147,3
94,4 97.5 94.9 94.4 0.2 ®p.0 90,9 90.4 BB.4 B4,1 BE,9 BE,1 B5,.3 B7,3 B5,1 82,8 0. 0. 16,4
95,2 94,31 5,7 §8575 ©3.0 BR.2 B8B,9 BY,1 B7,3 85,8 66,9 86,2 86,2 B85.7 B6,8 84,1 Ge Do 486,90
nn.g 94.1 92,7 93.9 R9.¢ BA.0 B7.5 B7.1 B7,1 B39 B5,6 B5,3 85,2 54,9 82,9 81,6 0. Gs 1654
a9,y 9¢,t H9,% 94.3 89,5 3.7 85,3 83.9 84,9 82.7 87,7 8B.7 86,7 84,9 83,7 806 0y 0, 1852
B 19,5 109.6 109.6 10859 109.5 109,4 109,3 108.2 307,8 106,0 107.6 106.7 107.4 106,41 1%030 109,0 13,8 13,0 182,95

172.8 1292.3°422.68 121.7 120.5 119.4 118,% 118,4 117.9 115:9 117,0 116.5 116,3 116,5 117,;3F 115,9 0« 0«

124-1 3,15-3 11706 11éi5 1_1_6.3 116-5 117|3 116|9 Blﬁ o_l___________ R

123,86 123,3 12279 121,7 120,7 119,6 119.% 12071

Figure 159.



1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

QEP ENGINE "c"

150" {(45,7M) ARC; 60% N,

c

LONG INLET WITH 24" MPT TREATMENT CONFIGURATION

L61

0. 14.0 20.0 30,0 49.0 50.0 60,0 70,0 BU.0 95,0 £00.0 1L£0.9 120,0 130.0 140,0 150,0 160,0 170,0 1B0,0
_FgE e — pHl.
505 0. 0.  K9,8 69,2 7308 7242 T4.8 71,8 71i6 FXB  74y4 78642 77,7 29,2 19,4 84,5 82;4 05 0 iEg;s
L83 Dy . .0y 7Du9. 69,8 7052 696 23,6 73,2 71,9 T2¢{ 7159 7211__1541_.2545L%EQL1 28,0 . i Ba 186,9
8o, 0. 0. 69,8 6GB.4 70.6 70.2 70.4 70,5 70.8 TFO0.8 Y0.3 72.0 738.7 74,9 5.5 7716 77.5 B4 0, 1359
2004 0. D ..B6%.2. 69,8 ¥X'3 74,9 75,7 75,2 78.4 FBiq 77,7 77,5 78.0 79,3 V9.8 Bp,9 78,7 0. 0o —1308
125, 0. p.  7B.1 Bn.2 B86.3 B7,9 B81.1 83,5 83,3 B7y1 Bs.u B5,0 87.4 87,7 €9,p 36,1 as.z 0% . 0s 139,59
B0 ~0a De. . 74,1 7645 79?zwuysus__ﬁnJ____xin___n_a Bl  Bi7g 804% 82,3 62,6 83,0 8B1.7 79.9 g% " G, _154,8
200, 0, 0, 75.2 75,6 77.2 77.8 78.2 T6,% 76.% 77,2 7117 78, 6 79.3 79,7 79.8 78,8 779 0 0, 131,4
e 25 [T | PR | ¥ N .._...Zﬂv! E_Jﬁiﬁﬁj 8 726 _ujﬂ 74,0 74,0 74,9 75% 7 7 5,8 76 ‘L_._-Z-L——W?WQ_LL__Q_LQ_JL_—Q-‘_W_BJ_——W & ! Ql,!,
315, 0, 0. 74,2 T4.B 74,0 72,9 74,6 75,0 75.9 TF6¢% T7y0 77& 79,1 80.5 %B.0 75,7 75,0 0% 0r L1304
4004 . O.. ...0s. 74,2 73,7 7208 72,8 73,7 .74:2 74,1 4¢B 74,9 75;3 76,2 78,2 77,9 V6,9 75,8 0, 0,  129,0
500, 0. N, 7G,B 75,4 73.B 73.6 73,6 TI,E T4.0 746 73 e 75,4 6.0 77,8 7.6 U638 T4 T D, 0, 128,90
B30, 0, . Dy 78,3 77,9 77,0 74,7 T4,1 T4,1 74.1 74,2 _7% 76 78 78,7 77 75,4 7 1ﬂ__1u%412 45L
800 0. D, 7B.E 77.6 TV 75.9 TFe.l 75,9 75.0 76i2 7 78,9 B2.2 81,8 F7i.8. 7&,0 7349 Dy 13149
4000, 0, _ Da_ 79,6 77,B F7i2_T75.8 7%,8 77,4 76,2 643 76, 9 7837 84,6 80,7 35,9 950 72,9 O« __An,_“151+§
1250, o. g, Yi.1 90,8 B&.1 &7.7 B85.9 84,1 B0.1 80.2 788 78,6 B81.4 78,6 77,0 Té&;1 76,7 0y g 138,85
_ 4600, 0, __0» . B3,4 @2,8 80.2 8p.4 79,3 77,1 76.3 7éyp 5.8 76,7 79,5 78,4 73,3 74.1 T4yl 04 0, 1%52.7
2000, 0, p, B&,3 85,9 806 79,2 B2.2 76,4 76.2 75?4 T6ig 78,7 78,8 80,7 37,0 75,2 7%,2 Oy 0y 134,2
__ 2500, ._0,  D» 87,9 85,9 B5y2 B1.9 B4.9 ?9.2 77.1 7736 7848 Bg.7 81,4 80,9 77,9 75,9 73;% 0§ 4, 138.%
3150 . s,  BI.z AZ, B Bp.4 79.2 75.2 74,4 73.4 75,4 74,1 758 80,6 77,5 76,2 T2 72,9 0 0, 132,7
4000, __ 0, 0. _BA,% 86, B41% _Ep,8 By,3 78,9 77.1 _75?1 74.6 76,5 77.2 79,6 75,8 74,% 73,8 0y 0, 135,7
5000, 0. 0. B6,4 05,8 BEVA Bi.1 B1.0 80,5 75,4 Thet 73i% Th.0 76.2 74,7 5.9 N,¥ 708 0% 0, 139,38
63004 . 0. 0 BB,1 B7,9 B2 &6,9 B2,1 79.6 T7.5 ¥74+4 74,9 BoB 84,4 79,9 ¥8,3 THIZ Td:1 1kl 0, 13847
6000, 0. 0: Bh.0 85,9 85,0 B1.7 Bi.1 B0.3 75,9 75;8 73,9 77,8 B1l.4 79,7 TB.g 73,7 Ti.6 O 0. 137,4
_10¢000, 0. 0. B5,9 84,5 R471 Bp.8 79,6 F7.R 74.t P8540 F1iB_ 7446 T7.9 76,4 V4.7 71. §9,% O+ 0 137 )
OVERALL 13,8 13.8 97,5 97,0 9577 94,9 93,4 92,1 90.4 91,8 9153 92,8 94,3 94, P34 92,9 94,3 13,8 13.8 1#842

0. 0, 110.2 110.0 10826 107.6 105.7 104,2 102,3 1024 30255 1043 106,56 190 1p3,3 101,6 100.5 0, 0

PNLT 0, 0. 113,4 113,85 11151 1319.8 108.9 106,5 103.6 103,86 10377 105,48 137.7 106, 4 104.5 132.? 10,6 D 0.,
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19,0 20.0 30,0 4p.0 50,0 60.0 70,0 80,0 96,0 i0f.0 110,06 120,0 130,0 14p,0 158,0 160,0 170,0 480,0
gL
72.8 71,7 72,% 74,9 73.8a 75,7 717,% 26,8 77, yd V676 PBYE Bi,1 81.7 B2.8 B35 88,0 Qi 04 133
7,8  72.5 73,2 7552 74.3 T&,0. 77,1 78,0Q ?Swn ¥8%y 79.1 60,0 Bn0,? H2:3 84,8 BH,F - 0y el 152.7
74,6 7214 71,8 7207 73.6 74,8 74,9 75.8 7574 75.4 77,9 28.7 BR+7 B1.9 B4yb B3 7 O [T _igi,e
75 72,9 73,8 76,0 0,7 __B0.9 B2,f B3.8 o
?6fg 73.9 83t32 82?% 87+2 93,2 94,4 93.6 8841 ”%%?% 90:6 90.3 B87.4 BB.d F2id4 BB.Z O 1ﬂ§+5
76,9 77,9 31,8, 52?9 84,3 Bg.p B9,1 §8,2 8%;8 B8%t5 68,1 B7,% B7,B B7, 3 87.6 84,9 0w ul,w:ﬂn.d
77.% 79.8 B8p,7 8117 B1.8 83,0 B3,1 81,1 8255 8118 83,4 83 9 BI,7 85,1 83,6 83,1 0, 0, 156 3
77.7 78,7 _78B;B__ 7973 ¥l 8 28 64,9 B2.0 _8 81, 151
FA.p 79.0 79,1 ?OVL 9.2 Bp.9 B1:2 82,0 B1s6 8300 6532 35 0 B4,9 53,0 B2:0 B8040 D 0 135.
79.5 77.9 79.1.._ 787y _78.» 9.B 78,8 §p,2 BO; o L ! 8230 79.9 q, 0. 1544
T8.5 78B.6 B0.0 T77.8 77.8 Bp.0 79,9 79.8 79,7 7956 81yt 81,1 B1y7 B2.1 81,6 791 0, 0 134,0
79,9 80,2 30,2 . 7934 77,9 79,4 78,6 79,7 78,8 B0:0 81,3 82,4 82,4 81,5 8430 78,4 0 De_134,2
45,7 84,8 02,5 8172 61,0 61,0 79,1 79,3 T9v 8031 83,3 B85.0 8342 B1.3 Biji TV.3 0% 0 135, 18
A5.y B4.8 84,4 8173 79.4 79,1 79,2 79.5 79,4 79i0 A2,4 B84.4 83,3 U9.4 79,9 76,2 D Dy 18808
nE.g BS5.0 85,9 B1.9 Bi.p Ba,2 BO.3 ?s 3 7E. 7 78 8 B0, 3 B2, 79,2 78,0 9% 76,3 0 0, 135,2
26,1 97.2 97,1 94,3 92,3 93,1 90.3 __ % __in 139 85.f 84.4 82, G.HQ;L _ 8230 81,3 B 1) 0o 184,%
47.2 BK,% 87,4 8474 82.2 82,4 80,3 u 2 7970 81,4 60.5 81,4 79,4 T9,0 76,5 0, o- 136,58
89,7 90.p 87,8 8638 _B3,9 B4, B2,0 80,2 Z?mﬂm_&ﬂTJ 83,2 82,9 80,1 79,9 ?9,0 75,9 1y _138l3
93,2 92.0 93,4 8.3 B7.{ B82.3 B3.,5 81,4 8250 79i2 80,2 83,2 80,3 78,4 78,9 77,4 03 u- 14045
9.9 99,9 9p,t B8.7__85.8 83,7 82,1 B0.B 78;5 78,9 79,9 81,1 80,7 79,4 78,6 76,% 0, . 0. 1398
24,1 9.2 91,0 9271 8s.2 86,9 86,3 83,0 80,7 781 79,3 79,2 V7.9 TUB,2 T&,7 75.1 D o. 161, 4
49.2 93,2 QZ?lﬂmgéii 90-1 87,3 85,1 8%,4 83.p 89?2 81,5 - 83.4 B0,.,0 ?8}1 ?5’9 7.4 s 0 1“2)7
n8.7 88,7 49,9 A%.0 85.1 84,8 83,9 81.9 80,8 78B.Q 82.1 B6,1 81,8 80.% 77,7 75,2 0, G« 1H144
AS,4 87,6 37,8 B7,3 B4,4 B2,.6 81,7 B0.6 79,3 6.7 77,9 80.9 78.6 V7.6 76,7 T249 0y D 1&0.6
191.7 102.1 132.0 10074 98,4 99,2 98,8 97,7 95,4 9478 97,0 97,7 96,5 96,3 97,7 95,9 13,8 1X,8 152,8
115.2 115,46 115.4 14377 111.3 111.2 109,77 104.3 10751 1059 107,9 109.0 107.3 106.,3 106,35 104:4 0, 0+
118.4 118,7 119,3 14774 114,9 145,% 413,0 111,0 199:3 106.9 409,4 110,0 107,3 106,8 107,1 166,1i 0, _ 0,

Figure 161.
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. U. 19,0 20,0 30,0 40.0 56.0 60.¢ 70,0 BO.0 90,0 100.0 110,0 320,0 130,0 140,0 $50,0 160,0 170,0 180,0
_—FREqg - R — i .M
504 0y 75,5 TA.5 77,7 7707 TévA 73i; 78,8 BO.D Bi.4 B175 83,0 85.0 86,8 BB\ 92,7 94,0 0« 0. 158%4
e B3, Dy 7847 77.3.78:0 7742 77.2 IR, B0.3 80,2 B0.6 8150 82,3 84,0 85,1 87,2 90,7 92,0  0»._._ 0. 187,
80, 0 78.1 76.7 78,6 76./4 76.9 77.B 7R,9 74.9 79,5 so‘v 61‘9 33!5 85,4 aﬁja 90,3 89:6 ‘32 3: iss:}
__.100 D 7849 75,9 .78.8 29,0 Bg. . :4  B379 B5,8 87,8 9 G041 Qe Do
1§5f 0, 790 79.p 83,3 8412 88,2 B7.4 90,6 88.2 3,0 89i1 90.3 91,3 02,4 93,6 9512 912 9y 0 igg,g
18D, 0, 78,6 82,0..85.9. 8751 B2 3Amﬁ942u“_j41_m§2¢1__h§mam_ﬁg 8_%8,2 91,3 91,9 93,0 92,9 89,1 0. u3
—_gnn. n: an;a 82.9 94,8 a4Js ae‘i 85,7 85,1 B85.§ 8%,% B6.8 & 8812 89,0 89,0 B8,% 88,8 88,1 Di 3: innia
250, .- 0, _.80,7_81.7_ 02,8 83,2 #£1.9 K31 83,2 62,0 @3,;5 8S,p B6,3 Bp,2 B7,8 B88,Q. . L T e
315: oj 79.9 81.9 82,1 82,9 £y,p BI.1 84,3 B4,9 B4{B 860 B6.¥ BB,2 38:1'—5?13 “%%1% *%gfa Ag: ‘Agg: 133'3
e 400y, _.D. _A2,1 81,7 B2.8 BB &2,1 8,9 B3.0 82,% A#3.5 8459 64,9 65,8 A6,0 B7,p 86,8 84,9 0w D _Miiﬁtl
500, n, 34,6 62.8 48,0 B85.0 8&4.8 B4.7 83,9 BI.p 83 s 83,9 84,8 B4,9 BT B7,4 B7,B B4} Ds af 138,%
636, 0. A%.1 90.1 93.5_90,5 B84z Bg.1 3613 4.4  #4,9 §§izm_§§4§_,65-5 86,0 86,5 B7.0 B83.5 0+ O 1n1.n
800, 0, 91,8 93,9 88,9 B7.1 B5.0 87,2 B7,3 84.2 85,9 3443 87,4 88,2 86,1 95,3 85,8 83,9 0D, 0 181,3
__1pp0, . D, . 91,3 95,3 90,2 BBY3 BP.4 B6.1 85,4 B5.4 B§¢1MM£}JSWPQ§JEmméﬁiim_ﬁjmnw_ﬁjlimMAﬁJ9.uﬁz.z_g_nl.“Agn-.,1‘1.8
1250, a, vy.% 89.0 91,3 B9.2 BAB.3 B5.2 B5,F 82,2 82,9 82,0 84,0 B5.3 82,9 83,2 BI.0 Bi.D Dy 0: 139.7
_16cg, g, 97,0 96.0 96,1 93.2 91.5 9p.2 89,2 87,4 B85,p Bayp B4,4 B5,3 83,2 B3, 5 B3,B B2,1 0, fa. 484,0
2000, ¢, 101.0 100.1 99,5 9775 94.3 94,8 91.7 090.3 56?3 8773 87,3 B6.5 B5,3 84,4 BB 0 85,5 [ 0. 147,84
__25¢eq, 0., 94,7 93.8 93.2 92p %p,3 91,0 88,0 86,3 B3IyB B4%p 86,1 84,9 82,8 83,14 83,7 Bp,9 Oy 0, 183,14
3150, 0, nafs 93.3 94,1 89,1 BB,y Ba,1 B4,5 B2,3 B4,y 81,9 8242 B854 B4,2 60,3 B1,2 B0 0d 0r 141,6
4000, __gé_ _p__94.7 95,R 9371 %1.5 69,1 87,1 B5,B HP,7 #2.& 83,0 B3.8 84,7 B2,8 B2,6 81,0 0¥ 0 143!9
5000, 0, 96 1 93,1 93,3 93 1 B89.4 8¢,3 89,2 85,3 83,7 8058 8i.0 82,0 B80.2 82,2 60,8 79.3 0i "B 1‘3,6
6300, 0. % 92 2 gﬁ_; 4,4 9374 92,2 B%,1 B7.,7 B6,3 Bdv6 8178 B2.4 B83.3 80.9 80.3 31,; g 2 Oy 0. 44,8
8000, 0, 71,9 91, 1 91,9 9200 B7.7 B7.7 87,2 B4,y 83,7 80v7 83,2 B4,9 81,6 B0, 79,9 7B.2 M 0 14338
10000, 0, h7.4._89.6 88,5 90.7 BH6.9 B4.8B B4,0 B81.8 82,3 78,7 79,7 83.9 B83.% Bg,s 7914 77,9 Qi O, 182,%
OVERALL 13,8 106,0 105.8 105, 6103379 301.9 104.2 100,5 99,1 9Bz;4 9874 99,% 100.%5 100.% 1p4,1 102,3 100, 13,8 13,8 1%56,p
PhL 0. 119.6 115.2 119,14 11774 115,14 114,6 113,85 111.7 11011 10956 110,8 111,6 110,7 11042 130,5 1095 D« 0. o
PNLT 8, 122.1 321.9 120,68 11971 117.% 116,3 114.2 113,46 130,% 11059 410,8 113,6 112,1 130,2 120,55 110,6 0. 0,
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1/3 OCTAVE DATA CORRECTED TO STANDARD DAY
150 (45.7M) ARC; 90% Nf
. c

QEP ENGIKE '"C"

LONG INLET WITH 24" MPT TREATMENT CONFIGURATION

. 0. 10.0 20.0 30.0 40.0 50.0 €D.0 70.0 BO0,0 9$0,0 100.8 1108,0° 20,0 130,0 140,0 150,0 160.0 170,0 180,0
.tREp . I — pil,
: sg% 0, 0y 79,8 79,5 B179 80,5 B8g,7 83,5 84.5 B0 Be s B2 90,8 92,9 956 1ao,a 103. 03 G 1458
B3, B, D 81.4 79.6 BiJ2 Bl B%,1 B4,1 84,9 B8,I B5(7 B7,8 9p.0 92,2 94:0 96,9 19 -0 0, 143,83
804 o o 83.8 83,2 B2.8 B4« Bs,7 B3,8 83,2 B4i7 B85.3 87,1 89.6 91,7 a6 965 95.5 0 0 1&218
__180.. 0. 0, 80.4 '80.5 B27n 82,7 84,0 84,2 85,9 B8B;1 #B8:6 0.3 93.1 95.2 98,0 100,727 98,9 g, 0+ 145,8
125, 0, 0. B1.6 83,8 gs T2 8649 89,1 B9, ;4_91 ‘2 91,4 9370 93,8 95.4 97.6 10042 102,0 9%6,% 0% 0 1aaa=
460, . 0. .. 0. . .8B6.1 _B%.8_.9172 BRO.G 93,0 92, _Qilﬁ__ﬂjxgg_33,7__2ﬁ¢1__2244ﬁ 5.8 D Qs 14B.S
200, 0, 0, B87.6 87,8 901 S0.0 90.2 90.0 99.8 9143 92yL 92,8 94.4 95 5 ¥7.0 95,9 94,7 0 gff 16,2
__ 250, 0. . 0s_ 85,1 B4,8 87,2 B7.,6 B9,2 69,3 68,7 B9.4 8978 91,5 93.4 94,2 95.¢ 9342 93:% O 0o 484,7
315, 0, 0: 87,5 88,6 B89Y0 B6.9 89,0 92,0 91,4 9054 9271 91,8 94, 1 93 5 94,1 93,7 92,6 Qi 0. 145,8
400 .. 0, _ 0. 89,4 B9,6 BAYB 54,9 94,0 92,2 96,0 a?.n._kzlﬁ,__AAI__§3 i85 93:6 oy 0s  182.%
500. 04 a. 88,0 90.7 8979 92,5 95,7 96,0 91.9 93;1 9216 93,4 92, 97 92 3 94,6 93,59 91,7 04 or 1474
&30, 0. ___D._ BB, 6 %1.B _Bﬁ"s 91.9 94,1 91.% 9¢.9 ontz 8¢ B9,6 92.5 92,7 92,2 92.5 89,7 ' eiq_iwilﬁ
800, i a,  92.4 9p,7 8971 BE.7 %1.2 B7,% 89,0 B8¥yq 39?1 95,6 92,86 91,5 91,8 %67 89,0 Qi 6. 184,2
4000, .0, . D. .96.B._94,2 9353 93,2 3,4 92,2 90,3 9.4 B8IP 68,9 91,6 88.6 90.3 9n11A45142___nlégggninn1154§
125¢, D, p. 96,4 95,8 9172 91,9 92,2 93,0 88.7 90,1 B85.9 87,6 90.2 B7.1 B9.9 B%.0 BY0 0 0 145,14
4800, .. .0, . 0. . 94.3_93,7 90,5 89,9 9p.1 9p,% _us,8 BAyQ ®rI1 B6.9 88,4 B7,5 88,2 87,8 £7,0 fe ... 0o _183:6
2000, Dy D: 99,6 1001 97,3 96¢1 96,1 92,3 91,0 89,7 8779 88,4 86,5 89,8 90,4 89,2 88,2 0. 04 158?1
__ 2500, _ 0, 0. 97,6 95 G 95V3 927  93.1 01,2 B9.7 B‘?fs BEBY0_ 88, B8.p 88,0 &B.8 BA,6 85,9 O /IR Aé, 10
3159, 0. 0 94,7 94.7 92,3 90.9 B6.3 BB,1 85,2 BH.3 84,9 84,9 BE.5 853 Ba.i B5,9 84,7 v 0 143,7
__4009, 0, 0. ?g,g__ggingggjp 2,6 %p.i B9,y B6.8 36?2 B5.8 86,5 B7.2 BB,1 88,0 B6,6 85,9 0 0. 145.,4
5000, 0, 0t 94,8 93.8 95.2 90.9 9p.3 B9,4 86,1 B7:p B4;1 54,8 85,5 84,2 86,8 84,9 83,1 0 0. 184,7
_ 6300, 0, 0; 95,8 93,9 9475 93.n 89,1 87,1 86.2 87,5 Bdig B4.7 85,3 84,4 84,8 B5,9 B4, 0% L+ 145,8
8000, 0. 0 92,3317 92.3 88.9 B7.0 86,9 84.9 87;0 82,7 84,3 85.3 83,3 83.6 82,8 B0.6 D 0 1494,0
_1.0000, .0, 0, _9n,2 BB,7 90-2 87,5 83,7 B4,0 81.7 85,2 82,8 85,4 88B.2 85,2 83,6 B2,5 84,5 04 0 144,40
QVERALL 13,6 43,8 167,D 196.5 10574 104.7 105,° 104,% 103.2 163,2 103?1 103,.8 105.6 106,2 108,0 109,1 108,2 13486 13.3 159,8
PHL 0, 0. 120.2 176.1 118,83 117.5 117.9 116,0 114.4 11436 11375 114,% 115.5 115, 2 116.1 115Lﬁ‘114.3 0% 0
PNLT 0, 0. _121,4 121.9 12073 119,1 148.% 118,0 115.2 115:8 11375 114,2 115.5 116,4 136,31 115,% 114.3 0. 0.
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31,0 40.0 50,0 66,0 70.0 80,0 90,0 4000 110,0 £20,0 130,0 14D.0 150,60 160,0 170,0 L8g.0
73,7 7774 7549 73,7 74,7 T4.6 76,9 7854 Bo,s 81,9 B3, 5 B1,6 83,5 83,0 07 0» E
74,7, _69T9 7p.8 #%.9 72,9 2.8 F3:4 Youl _73¢% 74,7 76,9 P6.0 ?1‘;6 78,1 i Q1 EQ?LL
71;3 63?3 70:7 69,4 70,8 72.4 ?3 7 733 74,3 74,4 T76.2 75,6 98!2 777 Ul (K] 13733
~22,7. 73,6 _ 79,7 79,8 79,7 8 432,41
79,7 78:8 82:2 82,4 65,4 B4.3 82,2 83°9 86,7 85.0 85,0 82,2 84,1 B2el Qv g 37,9
77206 lﬂ;ﬂ‘ﬁnAQ_jHJi_jﬁLL_jﬁxi_Jujﬂ__th_‘Juﬂ_ﬂinLAM1¢1MMJJEg&jnl#kﬂL_W_iL_151+2
76,7 789 77T.R 74,9 76,1 T&.D 76,9 7706 7B.B 7B.8 7B.7 B8 76,9 TVl O O¢ 33049
76,9739 73.8 72,9 73,9 75.0 7.4 7457 77,8 78,0 78,% "zm;n 7725 7648  De De 33D:3
77,0 7309 74.2 -72,9 75,2 T6.p 78,2 77i7 781 78,8 B0.1 7.4 TV6 TEL D ge 13058
7. e*m72}ﬁu_22Jau,2142~Azlli 75,0 . T64B _75%6 77,8 % 1 - L lAMAJh,,an,n
77.% 7375 73.0 71.7 74,0 73.B 75,7 7557 77.4 7T6,6 7TB,B FB,9® VI, 4 74,6 O, Dy 129,8
A0 7559 74,4 70,4 7;,4 74,2 ?5;2 76,4, 78,8 79,3 81,3 7.4 7531 73,3 0x._ 0. 130,38
79,1 7658 7558 73,8 75,1 75,0 76,1 7709 Boy% B2.3 82,8 77,0 75¢5 72,7 Qv gy 3923
78,9 27:8_ 77,3 4,1 75,1 74,9 75;3 ¥¥iB 78,8 81,4 80,8 US,p T4,7 72,2 0, DrA81,9
9.4 A8RYD 92.p 8&7.3 82.%9 79.9 7¥%,4 77.7 V8,9 7B.& BO,L 74,7 75,8 74,8 (y 0« 'L39,%
83.0 .B80°2..82.4 78,2 76,3 75.2 T4z0 76i1 78,0 78.9 77:9 74,1 ?4 o 72:2. Qe . B¢ 1338
83,5 79:3 76.3 75.6 75,3 75.4 75:;5 7453 Bg.4 79.5 80,3 P6.1 73 5 0, 0+ 132;%
as,; B4%5 By, 78.5 78,3 75.5 78,8 78:3 B1.0 B34 BO.3_ 96 11 §.2 2.x oy A*BJM*1§5,9
83.5 7973 7B.6 7.6 TJI.B T73.86 72,8 T4:3 76,3 79,4 76.3 73,3 73,2 7T1s5 O O 132,4
B7.7_Baia_ Bi.7 78.7_ 77,9 75,7 74,8 73:4. 77,3 76,5 77.6 75,6 73,5 73,5 Q. 0. 1352
45,p 8473 &2.4 78,1 78,3 72,9 73\3 73,8 74,8 7671 75,8 V&3 T0.7 68,9 9% 0« 1353
07,8 B478 #2¢3 79,0 76,6 A &QLi 84L§_u79LIUM1g41AuzAiﬁk*A;JQA Oy 0, 187,3
B4,1 B4T1 Br.4 77,4 77,4 T4.1 74.1 73;9 77s7 Bp.4 79,2 95,4 72,8 69,3 u; 0y 413644
A3,8 8278 En.1 Y5.4 75,9 72,7 7851 7139 75,7 77.8 76,7 74T 70,8 68,0 B Dy 1360
96,7 9477 S5.% G2,0 91,7 90,5 90,6 9192 93,9 94,1 94,0 91,7 91,9 9G.% 13,8 13,8 1A7.%

193, 1 101.4 1916 10274 105,0 106.6 105,2 102,1 101,1 99,0 0. 0+
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